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THE  EDITOR' S 

PREFACE. 

THE  Courfe  of  Hydroftaticai and  Pneu^ 
matical  Experiments  for  which  thefe 
Ledtures  were  written,  was  contrived 
by  the  Author  above  thirty  years  ago,  and  was 
one  of  the  firft  that  we  had  in  England  of  any 
Confiderable  note.  From  that  time  it  has  been 
often  performed  before  large  affemblies  at  the 
Obfervatory  in  Trinity  College  Cambridge  3  firft 
by  the  Author  in  conjunction  with  Mr,  W hi  ft  on ± 
at  that  time  ProfefTor  of  the  Mathematicks,  then 
by  the  Author  alone,  and  after  his  deceafe  by 
my  felf :  and  on  thefe  oceafions  the  Ledtures 
were  frequently  lent  out  to  be  tranfcribed;  by 
which  means  a  copy  falling  lately  into  the  hands 
of  a  Bookfeller,  was  intended  to  have  been  print¬ 
ed  without  my  knowledge.  By  this  attempt  I 
was  induced  to  prefent  the  Publick  with  a  cor- 
redt  edition  of  them,  printed  from  the  Author's 
original  manufcript. 

The  general  heads  of  the  Courfe  and  of  the 
Ledtures  upon  it,  may  be  feen  at  one  view  in  the 
following  paper,  in  which  every  article  marked 
with  a  Star,  referring  to  a  page  in  the  Book,  is 
the  fubjedt  of  a  Ledture  to  be  found  by  that  re¬ 
ference.  And  the  whole  defign  is  farther  ex¬ 
plained  by  the  Author  in  the  beginning  of  his 
firft  and  twelfth  Ledtures,  where  he  gives  his 
reafons  why  he  judged  it  needlefsto  write  up- 
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On  the  fubjedt  of  any  more  articles  than  thofe 
we  have  here  diftinguilhed. 

As  to  the  method  in  general  of  teaching  Phi- 
lofophy  by  Courfes  of  Experiments,  (that  is,  of 
drawing  general  truths  and  conclufions  from  a 
feledl  number  of  fimple  experiments,  firft  repre* 
fentedto  ourfenfes,  and  then  explained  to  our 
underftandirigs,)  it  is  now  fo  much  pradlifed 
and  approved  of  by  the  moft  eminent  Profeflors 
all  over  Europe,  and  has  fo  greatly  contributed 
to  the  propagation  and  increafe  of  knowledge, 
in  the  little  time  it  has  been  duly  cultivated,  that 
nothing  more  need  be  faid  to  fhew  the  ufeful- 
nefs  and  excellency  of  it :  and  as  to  theLedhires 
before  us,  the  general  fatisfadtion  they  have  gi¬ 
ven,  to  all  thofe  curious  Perfons  who  have  per- 
ufed  them  in  manufeript,  or  heard  them  read, 
together  with  the  great  and  eftablifhed  reputa¬ 
tion  of  their  Author,  will  recommend  them  to 
the  Publick,  much  beyond  any  thing  I  can  of¬ 
fer  in  their  commendation. 

In  comparing  forne  other  Works  of  our  Au¬ 
thor  (a')  with  the  Lectures  before  us,  the  reader 
will  find  this  remarkable  difference  in  the  ftyle 
aiid  manner  of  writing.  In  thofe  other  works  he 
is  generally  fparing  of  his  words  and  thoughts, 
that  he  might  not  feem  tedious  to  able  Mathe¬ 
maticians  ;  in  thefe  he  is  more  liberal  and  dif- 
fufive  in  thought  and  exprefiion,  and  conde- 
fcends  to  clear  up  every  appearance  of  difficul¬ 
ty)  Harmonia  Menfurarum,  five  analyfis  8c  fynthefis  per  ratio- 
Bum  &  angulorum  menfuras  promotse, 
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ty,  as  writing  either  for  beginners  or  for  per- 
fons  of  common  underftandings ;  and  he  has  ren¬ 
dered  thefe  Difcourfes  more  entertaining  and 
ufeful  than  ordinary,  by  enlivening  the  Science 
with  a  mixture  of  Learning,  and  the  Hiftory  of 
the  Inventions  he  treats  of ;  in  which  he  has 
been  particularly  careful  to  do  juftice,  and  to 
give  the  deferved  honour  to  their  feveral  Inven¬ 
tors. 

Two  or  three  noble  Truths  relating  to  the 
Preffure  of  fluids^,  and  theconftitutionof  the 
Atmofphere^J,  the  Author  has  here  demon¬ 
strated,  from  the  very  firft  mathematical  Ele¬ 
ments,  with  fuch  uncommon  plainnefs  and 
perfpicuity,  as  cannot  fail  of  giving  pleafure  to 
all  forts  of  mathematical  Readers.  As  to  the  reft, 
I  am  much  miftaken  if  Readers  of  good  fenfe 
and  fome  command  of  attention,  though  unfkil- 
led  in  Mathematicks,  may  not  go  through  it  with 
as  much  eafe  and  pleafure,  as  in  reading  a  piece 
of  hiftory  ;  and  upon  making  the  tryal,  they 
may  poffibly  conceive  a  better  opinion  of  their 
own  underftandings,  with  regard  to  thefe  mat¬ 
ters,  than  ever  they  did  before. 

Neverthelefs  it  may  probably  be  furmifed,  as 
thefe  Difcourfes  were  written  on  purpofe  to  de¬ 
duce  the  properties  of  fluids  from  aCourfe  ofEx- 
periments, actually  performed  and  explained  be¬ 
fore  the  reading  of  each  Le&ure,  that  therefore 
they  may  not  be  fo  well  adapted  to  Readers  in 

(b)  Left.  iii.  (c)  Left.  lx.  and  xiv. 
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ral,  as  to  thofe  who  have  feen  that  Courfe,  of 
fome  other  of  the  fame  kind.  It  mu  ft  indeed 
beconfefled,  that  the  latter  Readers  would  have 
fome  advantage  over  the  former,  in  as  much  as 
the  Author  intending  to  fhew  the  experiments, 
belonging  to  each  Ledure,  immediately  before 
the  reading  of  it,  does  not  always  defcribe  them* 
but  frequently  reafons  upon  them  as  things  al¬ 
ready  feen  and  underftood.  But  as  I  have  taken 
due  care  tofupply  fuch  defeds,  by  giving  com- 
pleat  defcriptions  of  the  Experiments  in  Notes, 
referring  to  very  good  Figures  of  the  proper  Ap¬ 
paratus^  I  prefume  I  have  entirely  removed  the 
fufpicion  abovemention’d;  and  have  rendered  the 
ledures  as  clearly  intelligible,  and  as  well  adapt¬ 
ed  to  the  tafte  and  capacity  of  all  forts  of  readers 
in  the  form  they  now  have,  as  if  the  matter  of 
the  Notes  had  been  every  where  inferted  in  the 
context  of  the  Ledures,  even  by  the  Author 
himfelf.  I  have  alfo  added  here  and  there  a 
few  Mathematical  Notes,  upon  fuch  points  as 
the  Author  had  but  lightly  touched  upon,  or  on¬ 
ly  mentioned,  but  thought  improper  to  be  in¬ 
troduced  into  popular  difcourfes. 

When  he  exhibited  and  explained  his  Inftru- 
ments  for  determining  the  ftate  of  the  weather* 
as  Barometers,  Thermometers  and  Hygrome¬ 
ters  of  various  forts,  for  a  Ledure  on  this  fub- 
jedhe  conftantly  read  Dr.  Halley's  Account  of 
the  rijing  and  falling  of  the  mercury  in  the  ba¬ 
rometer  ^  upon  change  of  weather ,  as  what  he  per- 
fedly  approved.  With  the  Dodor’s  leave  I  have 

therefore 
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therefore  reprinted  that  excellent  Difcourfe  of 
his  from  the  Philofophical  Tranfadtions,  and 
placed  it  in  an  Appendix  to  thefe  Lectures:  and 
have  added  to  it  aTranflation  of  Sir  I  fa  ac  New¬ 
ton  s  Scale  of  degrees  of  heat ,  taken  alfo  from  the 
Tranfadtions ,  as  directing  us,  among  othes 
great  curiofities,  to  fuch  a  Conftrudtion  of  Ther¬ 
mometers,  as  fhall  caufe  them  to  denote  the 
fame  degree  of  heat,  though  they  have  never 
been  actually  compared  together :  which  ufe- 
ful  property  is  ftill  wanting  in  all  the  Thermo¬ 
meters  I  have  yet  feen.  I  have  therefore  fully 
defcribed  this  Conftrudtion  at  the  end  of  that 
admirable  paper. 

Fortheufes  of  Hygrometers  Mr.  Cotes  re¬ 
ferred  his  pupils  chiefly  to  Mr.  Boyle's  Tradts 
upon  that  fubjedt. 

Laftly,  becaufe  in  the  Ledture  upon  Capillary 
Tubes  many  particulars  are  wanting,  which 
lince  the  Author’s  deceafe  have  been  difcovered 
and  explained  by  Dr.  Juriny  his  particular 
friend,  as  well  as  my  own,  I  could  not  do  better, 
with  the  Dodtor’s  leave,  than  clofe  my  Appen¬ 
dix  with  his  very  ingenious  Difcourfes  upon  that 
curious  fubjedt:  and  to  make  the  Book  more 
ufeful,  I  have  added  an  alphabetical  Index  of 
the  matters  contained  in  it 
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the  heads  of  the 
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The  heads  of  a  Courfe  of  Hydrofiatical 
and  Pneumatical  Experiments,  as  per¬ 
formed  at  the  Obfervatory  in  Trinity- 
college,  Cambridge. 

Hydroftatical  tryals  and  conclufions. 

*~T^HAT  fluids  gravitate  in  proprio  loco,  the 
upper  parts  continually  prefling  upon  the 
lower ;  that  this  preflure  is  not  only  propa¬ 
gated  downwards ,  hut  even  upwards  and 
fide-ways ,  according  to  all  poflible  directions', 
that  a  lighter  fluid  may  gravitate  upon  an 
heavier,  and  qn  heavier  upon  a  lighter .  *  Page 
i.  Led.  i. 

'That  a  fluid  may fuflain  a  body  heavier  infpecie 
than  itjelfi  and  even  raije  it  up ;  that  a  fluid 
may  detain  a  body  lighter  in  j 
and  even  deprej's  it ;  that  a 
jure  of  a  fluid  may  produce 
phcenomena  of  the  Torricellian  tube ,  pump ,  fy - 
ringefiphon ,  polijhed  plates ,  and  other  effects 
of  the  like  nature .  *  Page  io.  Led.  ii. 

That  fluids  prefs  according  to  their  perpendicu¬ 
lar  altitudes ,  whatever  be  their  quantities or 
however  the  containing  veflels  be  figured',  the 
exadi  eflimate  of  all  manner  of  preflure s  j 
the  invention  of  the  center  of  preflure,  upon  a- 
ny  propojed  plain,  reduced  to  the  problem  of 

finding 


pecie  than  it  J  elf 
competent  pref- 
the  remarkable 
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finding  the  center  of  percujfion .  *  Page 
Led:,  iii. 

Of  the  finking  and floating  of  bodies  immerfed  in 
fluids,  their  relative  gravities  and  levities, 
their  fftuations  and  pofitions :  the  phenomena 
of  glafs  bubbles  accounted  for.  *  Page  37. 
Led.  iv. 

*Tbe  hydroflatical  ballance  explained ,  with  the 
methods  of  determining  the  fpecifick  gravi¬ 
ties  of  all  forts  of  bodies  thereby .  *  Pag.  48. 
Led.  v. 

ST he  praxis  of  the  hydroflatical  ballance ;  the  fpe¬ 
cifick  gravities  of  fever al  particular  bodies 
aBually  found  out ;  with  an  account  of  the 
various  ufes  of  fuch  enquiries .  *  Page  62. 
Led.  vi. 

Pneumaticks  illuftrated  by  experi¬ 
ments  for  the  moft  part  tubular,  being 
fuch  as  were  wont  to  be  made  before 
the  air-pump  was  invented. 

THi E  fever  alphcenomena  of  the  ‘Torricellian  ex¬ 
periment  exhibited  and  explained .  *  Page  71, 
Led.  vii. 

Monfleur  Pafcal’s  imitation  of  the  fame  expe¬ 
riment  by  water  5  other  experiments  of  the  like 
nature  with  fluids  varioufiy  combined ;  the 
prejfure  of  the  air,Jhewn  by  experiment  to  be 
different  at  different  altitudes  from  the  fur- 
face  of  the  earth .  *  Page  82.  Led  viii, 

The 
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The  denfity  and  fpringof  the  air  proved  to  beds 
the  force  which  comprejj'es  it,  and  from  hence 
an  enquiry  is  made  into  the  limits  and  fate 
of  the  atmofphere.  *  Page  94*  Left.  ix. 


5 the  effeffis  of  the  weight  and  fipring  of  the  air  in 
fyringes ,  pumps,  fphons,  polifhed  plates,  cup¬ 
ping  glafes,  fuBion,  refpiration ,  &c.  *  Page 
106.  Left.  x.  .  .  ' 


Infir  aments  for  determining  the  fate  of  the 
weather. 

‘The  phenomena  of  capillary  tubes,  glafs  planes, 
the  figures  of  the  furfaces  of  fluids,  and  other 
things  relating  to  the  fante  head,  confidered. 

Page  115.  Left.  xi. 


The  more  known  properties  of  the 
air  eftablifhed  by  the  air-pump,  and  o- 
ther  engines. 

THE  air-pump ,  the  infiruments  for  condenfing 
and  transp'erring  air,  their  f ah  rick,  opera¬ 
tion,  and  gages  explained,  *  Page  126.  Left, 
xii. 

An  account  of  the  fever al  fuccefjive  degrees  in 
which  the  air  is  expanded  and  compreffed 
by  the  air-pump  and  Condenfer.  *  Page  13  7. 
Left.  xiii. 

A  parcel  of  air  weighed  in  the  ballance ;  itsfpe- 
cifick  gravity  to  that  of  water  determined 

thereby ; 
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thereby:  a  fecond  enquiry  into  the flate  of  the 
atmofphere .  *  Page  153.  Left.  xiv. 

fe7 he  weight ,  prejfure  and fpring  of  the  air  proved 
feveral  ways-,  by  the fenfe  of  feeling ,  by  break- 
ing  glafs  vials ,  by  the  phenomena  of  bladder s, 
glafs  bubbles,  fount ains ,  the  gardener  s  wa¬ 
tering  pot,  the  diving  bell,  &c. 

Syphons, fyringes,  polijhed plates,  theTorricellian 
tube  in  vacuo;  quickfver  raifed  to  the  ufaal 
height  of  the  weather-glafs  by  the  bare  fpring 
of  a  little  included  air ;  Otto  Guericke’s  her 
mifpheres . 

The  ebullition  of  liquors  in  vacuo,  the  quantity 
of  air  contained  in  them,  the  fufentatiGn  of 
fumes  and  vapours ,  the  defcent  of  bodies  in 
vacuo,  the  refraction  of  air. 

The  more  hidden  properties  of  the  air 
eonfidered  by  the  help  of  the  like  en~ 
gines. 

The  influence  of  the  air  examined  as  to  thecaufes 
of  magnetifm,  the  elaflicity  of  fprings,  the 
fphericity  of  the  drops  of  fluids ,  the  afcent  of 
liquors  in  capillary  tubes, the  reflection  of  light 
from  the  farther  furf  ace  of  glafes,  &c. 

The  influence  of  the  air  as  to  founds,  fire  and 
flame,  ihe  confumption  of  fuel .  *  Page  168. 
Left,  xv. 


The 
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fhe  effeB  of  rarified  and  condenfed  air  upon  the 
life  of  animals , 

A  piece  of  phofphorus  in  vacuo ;  Mr.  Hauks- 
bee’j  experiments  concerning  the  mercurial 
phofphori ,  and  concerning  the  attrition  of  bo¬ 
dies  in  vacuo. 

! the  fame  ingenious  perforis  experiments  con¬ 
cerning  the  vitreous  phofphori :  experiments 
relating  to  the  eleBricity  of  bodies . 

Air  Jbmetimes  generated,  fometimes  conjumed*, 
the  nature  of faBitious  airs,  explofons  in  va¬ 
cuo,  dijfolutions,  fermentations,  &c.  *  Page 
185.  Left,  xvl 
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LECTURE  I. 

% 

T hat  fluids  gravitate  in  proprio  loco,  the  upper  parts 
continually  pr effing  upon  the  lower ;  that  this prejjure 
is  not  only  propagated  downwards  hut  even  upwards 
and fideways  according  to  all  poflihle  direblions  that 
a  lighter  fluid  may  gravitate  upon  a  heavier  and  a 
heavier  upon  a  lighter , 

efore  we  begin  our  experiments  it  may  be 
convenient  to  give  fome  account  of  the  me¬ 
thod  I  intend  to  follow  throughout  the  whole 
courfe,  and  to  allot  to  each  of  the  four  weeks, 
in  which  I  hope  to  finifh  my  defign,  its  diftinft  fhare 
of  the  tryals,  by  which  I  propofe  to  make  out  and 
clear  up  thofe  truths  and  conclufions  in  hydroflaticks 
and  pneumaticks,  which  feem  to  be  the  rnoft  funda¬ 
mental  and  of  the  chiefeft  importance.  Hydrofta- 
trcks  and  pneumaticks  have  in  nature  fo  near  a  rela¬ 
tion  to  each  other,  that  they  ought  never  to  be  fe- 
parated :  being  therefore  both  comprehended  in  one 
courfe,  they  are  difpofed  into  that  order  which  was 
judged  to  be  the  moil  natural  for  deducing  one  con- 
fequence  from  another  which  was  proved  before, 
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mod  eafy  for  performing  the  experiments,  thofe  be¬ 
ing  ufually  placed  together  which  require  a  very  lit¬ 
tle  different  apparatus ,  and  molt  conformable  to  the 
fuccefllon  of  times  in  which  the  experiments  and 
the  truths  eftablilhed  from  them  appeared  in  the 
world. 

In  this  firfl  week  then  I  dial!  endeavour  to  fettle 
the  grounds  of  hydroflaticks,  and  to  account  for 
thofe  various  efifedts  which  depend  upon  the  prefiure 
of  fluids  againft  other  fluid  and  folid  bodies.  This 
fcience  as  it  began  firfl:  to  be  cultivated  and  was 
brought  to  a  confiderable  degree  of  perfection  by 
the  fagacity  of  the  great  Archimedes ,  fo  is  it  the  moft 
folid  foundation  upon  which  our  modern  philofo- 
phers  have  built  their  admirable  dodtrine  of  the  air’s 
prefiure:  which  notion  feems  firfl  to  have  been  ftart- 
ed  about  an  hundred  years  ago  by  the  famous  Gali- 
Iceo ,  and  was  happily  profecuted  by  his  ftholar  Tor- 
ricellius ,  and  after  him  by  feveral  of  the  moft  emi¬ 
nent  Virtuofi  of  Europe .  Whoever  fhall  attentively 
confider  the  feveral  phenomena  which  I  fhall  this 
week  prove  to  depend  upon  the  gravitation  of  fluids 
in  general,  will  find  it  no  difficult  matter,  when  we 
come  afterwards  to  the  air,  which  is  a  particular  fluid, 
and  which  I  fhall  prove  to  be  not  devoid  of  weight, 
as  it  was  formerly  thought  to  be,  to  explain  by  the 
gravitation  of  this  fubtle  fluid  thofe  once  furprifing 
effedts  which  fo  much  puzzled  the  philofophers,  and 
compelled  them  for  concealing  their  ignorance  to 
run  into  very  great  abfurdities. 

Having  afligned  to  this  firfl:  week  the  bufinefs  of 
hydroflaticks,  in  the  next  I  fhall  enter  upon  pneu- 
maticks,  which  furnifh  us  with  the  knowledge  of  the 
nature  and  properties  of  the  air.  I  need  not  here  in¬ 
lift  upon  the  ufefulnefs  of  this  fcience,  fince  it  cannot 
but  be  well  known  to  every  one,  how  much  all  na¬ 
tural  philofophy  depends  upon  it*  there  being  no 
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one  body  in  the  world  that  has  a  more  univerfal  in¬ 
fluence  upon  the  general  courfe  of  nature  than  the  air* 
The  famous  Torricellian  experiment  was  that  which 
firft  alarmed  the  philofophick  world,  and  his  mer¬ 
curial  tube  has  juftly  been  as  much  celebrated  for  o- 
pening  the  way  to  pneumatical  difcoveries,  as  his 
mailer  Galilceo* s  optick  tube  has  been  for  the  ad¬ 
vancement  it  has  made  in  aftronomy.  After  Torn- 
cellius  many  Italian ,  French  and  EngUflo  gentlemen 
made  feveral  other,  for  the  moft  part,  tubular  expe¬ 
riments,  to  illuftrate  and  confirm  the  doftrine  of  the 
air’s  preflure  before  the  air-pump  was  invented.  I 
have  therefore  in  the  fecond  week  propofed  to  exhi¬ 
bit  thofe  tubular  experiments  which  were  commonly 
made  before  the  air-pump  was  ufed,  adding  to  them 
fome  others  of  the  like  nature  that  have  fince  that 
time  been  thought  on. 

In  the  third  and  fourth  weeks  I  defign  to  repeat 
the  principal  experiments  that  are  wont  to  be  tried 
with  the  air-pump  and  condenfer,  fuch  of  them  at 
leafl  as  the  apparatus  of  inflruments  which  we  have 
at  prefent  are  capable  to  exhibit.  For  though  our  air- 
pump  be  as  commodious  as  any  that  has  yet  been 
made,  yet  our  condenfer  is  not  fuch  as  I  could  wifh 
for,  and  I  hope  fome  time  or  other  to  be  furnifhed 
with  an  engine  which  will  perform  both  parts  with 
more  advantage  than  can  be  expefted  from  our  pre¬ 
fent  inflruments,  and  that  the  reft  of  cur  apparatus 
may  be  fo  enlarged  as  to  afford  us  a  greater  plenty 
of  experiments.  In  our  third  week  then  I  intend  to 
make  fuch  tryals  as  feem  to  be  moft  pertinent  for  e- 
ftablifhing  the  principal  properties  of  the  air,  fuch 
as  its  weight,  fpring,  preftiire,  refiftance,  re  fra  ft  ion ; 
explaining  by  thefe  properties  feveral  remarkable 
effefts.  Now  though  feme  of  thefe  properties  will  be 
deduced  from  the  tubular  experiments  of  the  forego¬ 
ing  week,  yeti  fuppofe  that  nobody  will  be  difpleaf- 
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ed  to  fee  fuch  things,  which  were  once  and  not  long 
ago  very  much  controverted,  made  out  by  more 
ways  than  one. 

To  the  fourth  and  laid  week  I  have  allotted  fuch 
experiments  as  fhew  forne  very  notable  effects  of  the 
air,  which  depend  upon  more  hidden  properties  than 
thofe  explained  in  the  third  week.  Amongft  thefe 
we  may  reckon  the  experiments  upon  the  life  of  a- 
nimals,  upon  flame,  and  others  of  that  nature.  And 
becaufe  feveral  effects  have  been  by  phiiofophers  a- 
fcribed  to  the  air  which  do  not  belong  to  it,  I  defign 
at  the  lame  time  to  confute  thofe  errors  by  matter  of 
fatff  and  experience.  This  is  the  method  which  I  have 
propofed  to  myfelf  in  our  prefent  courfe  of  experi¬ 
ments. 

Omitting  then  all  further  preliminaries,  let  us  be¬ 
gin  with  hydroftaticks.  The  figniftcation  and  reafon 
of  the  name  need  not  here  be  explained,  nor  need  I 
tell  you  that  by  hydroftaticks  is  now  commonly  un¬ 
derstood  that  part  of  natural  philofophy  which  con- 
fiders  the  equilibrium  and  preffure  of  fluids  in  gene¬ 
ral,  though  that  word  feems  to  be  retrained  to  wa¬ 
ter,  which  is  a  particular  fluid  and  the  moft  obvious 
of  all  others,  and  by  m’eans  of  which  we  fhall  make 
out  moft  of  our  following  conclufions.  For  whatever 
can  be  proved  by  experiments  and  reafon  to  belong 
to  any  one  body  which  is  both  fluid  and  heavy,  upon 
account  of  its  being  fluid  and  heavy,  muft  belong  to 
all  other  bodies  which  are  fluid  and  heavy.  If  a  due 
caution  be  obferyed,  we  may  very  fafely  be  allowed 
to  draw  general  conclufions  from  experiments,  which 
cannot  otherwife  be  made  but  upon  particular  bo¬ 
dies. 

Fluidity  and  gravity  being  the  qualities  which  are 
of  great  concern  in  hydroftaticks,  it  will  not  be  a- 
rnifs  to  fay  fomething  concerning  each  of  them  in 
this  place.  It  is  befide  our  purpofe  to  enquire  into 
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‘•the  caufes  of  thefe  two  properties  of  bodies  *,  I  fiiali 
only  obferve  of  fluids  that  they  are  fuch  whofe  parts 
yield  to  any  force  exercifed  upon  them,  and  by  yield¬ 
ing  are  eafily  put  in  motion  amongft  one  another. 
But  whence  this  difpofition  arifes  of  giving  way  to, 
and  being  moved  by  every  the  leaft  impreffion  is  a 
problem  not  readily  to  be  folved  I  had  rather  whol¬ 
ly  pafs  it  by  than  propofe  uncertainties  about  it.  The 
famous  materia  fubtilis  has  been  a  conftant  refuge  to 
our  modern  philofophers  as  well  in  this  as  in  all  other 
difficulties,  but  that  way  of  juggling  does  now  at 
laft  very  juftly  begin  to  be  out  of  credit,  and  ought 
altogether  to  be  laid  afide,  till  fufficient  reafons  can 
be  produced  for  its  admittance. 

Gravity  is  well  known  to  be  the  endeavour  and 
tendency  of  bodies  towards  the  center  of  the  earth. 
It  is  a  property  of  fo  univerfal  an  extent  that  no  one 
body  in  the  world  is  yet  known  to  be  without  it ;  not 
air,  which  as  I  fhall  afterwards  ffiew,  may  be  weigh¬ 
ed  in  the  ballance-,  nor  fumes  and  vapours,  which 
feem  to  be  lighter  than  air  itfelf  by  their  afcending 
in  it,  as  I  fhall  prove  by  experiment ;  and  the  excel¬ 
lent  Mr.  Boyle  has  found  out  ways  to  make  even 
flame  itfelf  ponderable. 

Now  though  mod  men  without  any  difficulty  al¬ 
low  thus  much,  that  water  and  other  fluids  are  really 
ponderous,  and  do  adtually  gravitate  when  taken  as 
a  whole  body,  being  convinced  by  their  fenfes  that 
a  veflel  weighs  lefs  when  empty  than  when  filled 
with  any  fluid,  and  weighs  ftill  more  as  it  contains 
more  of  the  fluid,  yet  notwithstanding  this,  many 
eminent  men  have  found  much  difficulty  to  believe 
that  the  parts  of  fluids  do  gravitate  in  proprio  loco , 
as  they  fpeak,  or  upon  one  another.  It  would  be 
endlefs  and  tedious  to  go  about  to  enumerate  the 
ieveral  prejudices  which  have  been  the  occafions  of 
this  error  among  the  philofophers,  whilft  they  have 
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chofen  rather  to  oppofe  any  truth  which  came  in 
their  way,  than  forfake  the  opinion  however  falfe 
they  had  once  refolved  to  adhere  to.  But  fince  this 
error  if  admitted  muft  of  necefiity  fubvert  the  foun¬ 
dations  of  all  hydroftaticks,  and  the  contrary  truth 
is  that  by  which  mod  of  our  following  concluiions 
muft  be  explained,  I  ought  not  to  proceed  any  fur¬ 
ther  till  I  have  cleared  up  this  matter. 

It  is  evident  from  daily  experience  that  in  any 
fluid  the  weight  of  the  whole  is  equal  to  the  weight 
of  all  its  parts,  of  what  magnitude  or  number  fo- 
ever  thofe  parts  are  fuppofed  to  be ;  and  if  any  part 
be  taken  from  the  whole  the  weight  of  the  whole 
will  be  diminifhed  by  the  weight  of  that  part ;  if 
any  part  be  added  to  the  whole  the  weight  of  the 
whole  will  likewife  beincreafed  by  the  weight  of  the 
part  which  was  added,  and  it  feems  from  hence  to  be 
a  reafonable  conclufion  that  the  weight  of  the  whole 
is  compofed  of  the  weights  of  the  feveral  parts, 
and  that  the  parts  do  therefore  gravitate  even  in  the 
whole  or,  according  to  their  way  of  exprefling  it, 
in  proprio  loco.  Notwithftanding  fo  obvious  and  ne- 
ceflary  a  deduction,  the  oppofers  of  it  have  been 
fubtle  enough  to  elude  the  truth  by  a  diftinCtion 
which  they  have  invented.  They  grant  that  the 
parts  do  by  an  united  action  caufe  the  gravitation 
of  the  whole,  but  deny  that  they  do  fmgly  and  fe- 
parately  gravitate  in  proprio  loco ,  fo  as  to  compofe 
by  that  means  the  whole  gravitation.  Whenever  it 
can  be  clearly  made  out  that  a  number  of  agents 
may  jointly  produce  an  ^ffetft,  whilft  each  ftngly 
contributes  nothing  t©  that  effeCt,  it  may  then  be 
time  to  anfwer  this  fubterfuge. 

Notwithftanding  fo  neceftary  and  obvious  a  de¬ 
duction,  there  have  been  two  grand  arguments  u~ 
fually  produced  againft  the  doCtrine  we  aftert, 
which  if  anfwered  will  alfo  render  the  reft  of  the 
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objections  invalid,  they  being  for  die  moft  part  re¬ 
ducible  to  the  one  or  other  of  thofe  two.  It  is  an 
experiment  obvious  to  every  body  that  a  bucket 
full  of  water  is  lighter  in  the  water  than  out  of  it, 
nor  does  it  weigh  more  when  full  in  the  water,  than 
when  empty  out  of  it*  therefore  they  conclude 
that  the  water  in  the  bucket  becaufe  it  is  within 
water,  its  own  element,  does  not  gravitate.  The  o- 
ther  inftance  is  taken  from  divers,  who  are  faid  to 
feel  no  fenfible  prefiure  under  water,  though  they 
often  defcend  to  very  great  depths  •,  therefore  they 
again  conclude  that  the  parts  of  water  do  not  gravi¬ 
tate  nor  confequently  caufe  any  preflure  in  propria 
loco .  Now  granting  the  matter  of  fact  to  be  true 
in  both  thefe  cafes,  though  it  may  juftly  be  que- 
ftioned  as  to  the  bufinefs  of  diving ,  yet  till  they 
can  prove  that  thefe  matters  of  fa£l  are  no  other 
way  to  be  accounted  for  than  by  that  which  they 
have  propofed ,  their  inferences  can  by  no  means 
be  allowed  them.  I  fhall  take  an  opportunity  whilfi: 
we  are  upon  hydroftaticks,  to  give  the  true  reafon 
why  the  weight  of  the  water  in  the  bucket  ought 
not  to  be  perceived  whilfi:  the  bucket  is  in  water, 
though  it  do  really  at  that  time  retain  all  its  weight 
which  it  has  when  taken  out  of  the  water.  And  as 
to  divers ,  though  we  allow  that  at  the  depth  of 
thirty  two  feet  under  water,  they  have  upon  the  fur- 
face  of  their  whole  bodies  a  more  than  ordinary 
prefiure  of  twenty  thoufand  pounds  weight,  yet  when 
we  confider  the  uniformity  of  that  prefiure  and  its 
equability,  which  caufes  no  difiocation  of  parts,  all 
the  external  being  equally  affected  with  it,  and 
being  internally  fupporced  by  the  air  and  other  ela- 
ftick  fluids,  which  conflantly  endeavour  the  more 
to  expand  themfelves  as  they  are  more  compreft, 
when  we  alfo  confider  the  firm  texture  of  the  mem¬ 
branes  and  other  folid  parts  of  human  bodies  and 
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the  incredible  force  they  are  able  to  bear,  as  has 
been  made  evident  by  experiments,  we  ihall  not 
much  wonder  that  divers  complain  of  no  fenfible 
pain  though  they  be  certainly  prelt  with  fo  great  a 
weight  of  water,  befides  the  ordinary  preffure  of  the 
air  which  our  bodies  are  continually  expofed  to, 
which  is  equal  at  lead  to  that  of  water  at  the  depth 
of  thirty  two  feet,  or  twenty  thoufand  pounds :  fo 
that  the  whole  preffure  to  which  a  diver  is  expofed 
at  thirty  two  feet  under  water,  is  about  forty  thou¬ 
fand  pounds.  Since  then  we  have  proved  that  fluids 
do  gravitate  in  proprio  loco ,  and  thefe  difficulties  do 
not  deftroy  that  affection,  as  the  propofers  of  them 
would  make  us  believe,  when  they  tell  us  they  can¬ 
not  otherwife  be  explained,  what  has  been  hitherto 
laid  might  be  taken  for  a  fatisfaCtory  anfwer  to  the 
objections ;  yet  becaufe  this  truth  is  of  fo  great  mo¬ 
ment  I  will  endeavour  to  confirm  it  by  two  experi¬ 
ments  levelled  againft  thofe  two  objections,  fhewing 
by  the  firft  of  them  that  fluids  lofe  nothing  of  their 
weight  in  proprio  loco  ( a )  and  by  the  fecond  that  the 
lower  parts  of  fluids  are  preffed  by  the  upper,  and 

com  mu- 

(a)  Fluids  lofe  nothing  of  their  weight  in  proprio  loco. 

Exp,,  i.  Fig.  i,  reprefents  a  roundifh  glafs  bottle,  thick  e- 
nough  when  empty  to  fink  in  water,  with  a  ftop-cock  cemented 
to  the  mouth  of  it ;  whereby  a  quantity  of  air  may  be  taken  out 
of  the  bottle  by  an  air-pump,  and  be  hindered  from  returning  by 
{hutting  the  cock ;  in  order  to  give  paffage  and  room  to  a  quan¬ 
tity  of  water,  equal  in  bulk  to  the  exhaufted  air,  as  foon  as  the 
cock  ihall  be  opened  under  water  contained  in  a  larger  veiTel. 

The  air  being  exhaufted,  let  the  bottle  be  fufpended  by  a  wire 
to  the  beam  or  icale  of  a  ballance,  and  let  it  be  exactly  counter- 
poifed  in  the  air  by  the  weight  A  in  the  oppofite  fcale. 

Again  when  the  bottle  is  fufpended  in  a  veffel  full  of  water  and 
wholly  immerfed,  let  it  be  counterpoifed  by  a  weight  B,  after  A 
is  taken  away  and  refer ved. 

Then  having  opened  the  cock  under  water,  to  let  it  run  into  the 
bottle,  after  the  running  is  over  let  a  third  weight  C  together  with 
B  reftore  the  equilibrium  of  the  ballance. 

it 
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communicate  that  preflfure  to  bodies  expofed  to  their 
contact.  I  will  alfo  add  other  experiments  to  prove 
that  the  preffure. caufed  by  the  gravitation  of  fluids, 
is  not  only  propagated  downwards  but  even  upwards 
and  fideways  according  to  all  pofiible  directions,  (b) 
that  a  lighter  fluid  may  gravitate  upon  a  heavier*, 
and  a  heavier  upon  a  lighter,  (c) 

It  is  plain  then  that  C  is  the  weight  of  the  water  let  into  the  bot¬ 
tle,  even  while  it  communicates  with  the  water  in  the  veffel. 

Having  fhut  up  this  water  in  the  bottle  by  turning  the  cock 
while  under  water,  take  the  bottle  out  of  the  water,  and  while  it 
hangs  in  air  at  the  beam  of  the  ballance,  take  the  weight  B  from 
the  oppofite  fcale  and  reftore  A  in  its  Head,  then  will  the  weights 
A  and  C  exactly  counterpoife  the  bottle  and  the  water  within  it. 

Which  fhews  that  this  water  weighs  jail  as  much  in  air  as  it 
did  before  ( in  propria  loco  or)  in  the  water  of  the  veffel,  the  cock 
being  open. 

(b)  Preffure  is  caufed  by  the  gravitation  of  a  fluid  and  is  pro¬ 
pagated  every  way  alike. 

Exp  2.  Fig.  2,  3,  4,  reprefent  tubes  bent  near  their  lower 
ends  into  various  angles.  They  were  firfl  filled  at  their  lower  ori¬ 
fices  with  quickiilver,  which  refled  in  the  longer  legs  upon  a  level 
with  thofe  orifices,  and  then  were  dipped  into  a  deep  glafs  veffel 
filled  with  water,  which  while  the  tubes  were  defcending,  gradu¬ 
ally  preffed.  the  quickfilver  from  the  lower  orifices  towards  the 
higher,  where  the  water  could  not  enter. 

To  {hew  that  preffure  is  propagated  even  upwards  as  well  as  all 
Other  ways,  dip  an  open  end  of  a  very  narrow-bored  tube  into 
quickfilver,  then  flopping  the  upper  end  with  your  finger,  lift  up 
the  tube,  and  a  fliort  column  of  the  quickfilver  will  hang  in  the 
lower  end,  which  column  when  dipped  deeper  into  water  than 
about  fourteen  times  its  own  length,  will  not  only  be  fufpended 
but  even  preffed  upwards,  after  your  finger  is  removed  from  the 
upper  orifice. 

(c )  A  lighter  fluid  may  gravitate  upon  a  heavier,  and  a  heavier 
upon  a  lighter.  The  firfl  part  of  this  propofition  has  juft  been 
proved  by  the  foregoing  experiments,  and  if  any  oyl  that  is  light¬ 
er  than  water,  be  put  into  the  lower  end  of  a  bended  tube,  it  will 
alfo  be  depreffed  by  the  water  in  the  veffel,  and  forced  from  the 
lower  orifice  towards  the  higher, 
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! That  a  fluid  may  fuftain  a  body  heavier  in  fpecie  than 
itfelf  and  even  raife  it  up ,  t  hat  a  fluid  may  detain  a 
body  lighter  in  fpecie  than  itfelf  and  even  deprefs  it , 
that  a  competent  preffure  of  a  fluid  may  produce  the 
remarkable  phenomena  of  the  Torricellian  tube , 
flump  ffyringe ,  fyphon^  flolifhed plates  and  other  effects 
of  the  like  nature . 

YEfterday  it  was  proved  that  fluids  retain  their 
gravitation  in  proprio  loco ,  and  by  that  gravi¬ 
tation  prefled  upon  bodies  expofed  to  their  con¬ 
tact,  that  this  preflure  is  not  only  propagated  down¬ 
wards,  according  to  the  tendency  of  heavy  bodies, 
but  alfo  upwards  and  Tideways  according  to  all  man¬ 
ner  of  directions. 

I  defign  this  day  to  make  fome  farther  experiments 
concerning  the  preffure  of  fluids,  by  which!  fhall  en¬ 
deavour  to  demonftrate  fome  of  its  more  general 
effects  5  referving  the  particular  and  exaCl  eftimate 
of  all  manner  of  preflfures  to  my  next  lefture.  In  the 
choice  of  this  day’s  experiments  I  have  had  regard 
to  fome  of  the  moft  obvious  and  notable  phenome¬ 
na,  that  are  now  a-days  explained  by  the  air’s  gra¬ 
vitation  *,  fuch  as  the  ftrong  coheflon  of  polifhed 
plates,  the  fufpenfion  of  quickfilver  in  weather- 
glaffes,  the  effects  of  fyringcs,  pumps  and  fyphons. 
If  we  can  make  it  appear,  that  thefe  things  not  only 
may  depend  upon  the  gravitation  of  a  fluid,  but  muff 
neceffarily  be  the  confequence  of  fuch  a  gravitation, 
and  can  afterwards  prove,  that  the  air  itfelf  is  a  gra¬ 
vitating  fluid,  and  can  determine  the  proportion  of 
its  fpecifick  weight  to  that  of  any  other  fluid,  it  will 
be  no  difficult  matter  from  thele  things  laid  toge¬ 
ther,  to  evince  direCtly,  that  the  preffure  of  the  air 
is  the  caufe  of  thofe  phenomena,  and  feveral  others 
i  ©f 
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of  the  like  nature.  Let  us  then  confult  experience, 
and  try  whether  any  thing  analogous  to  what  I  have 
been  mentioning,  be  the  refult  of  that  preiTure, 
which  is  caufed  by  the  gravitation  of  fluids  (a). 

Thefe 

fa)  Here  tlie  author  made  the  following  experiments  and  ex¬ 
plained  them  in  the  fequel  of  his  lecture. 

Exp.  i.  In  Fig.  7.  ab  reprefents  a  large  round  plate  of  thick 
brafs,  whole  upper  furface  being  covered  with  wet  leather,  is  ap¬ 
plied  fo  clofe  to  the  orifice  cd  of  the  inner  veffel,  as  to  hinder  the 
entrance  of  the  water  contained  in  the  outer  veffel.  Now  if  this  plate 
be  held  tight  againft  the  faid  orifice,  by  pulling  the  wire  e  fxed  to 
the  plate,  till  it  be  immerfed  to  a  fufficient  depth  of  water  in  the 
outer  veffel,  the  plate  will  be  fupported  by  the  preffure  of  the  wa¬ 
ter  adting  upwards,  though  the  hand  be  taken  from  the  wire.  The 
margin  of  the  inner  velfel  is  made  broad  enough  to  hang  upon  the 
margin  of  the  outer. 

Exp.  2.  has  already  been  defcribed.  Page  9.  Notefb)  Sed.  3. 

Exp. 3.  Fig.  8,  reprefents  a  fmall  glafs  cup  having  a  flat  wood¬ 
en  bottom,  well  planed  and  fxed  to  the  glafs  with  cement.  Upon 
this  bottom  place  a  thick  wooden  plate,  whofe  under  furface  is  alio 
well  planed,  and  prefs  it  againf  the  bottom  with  your  fingers  while 
quickfilver  is  poured  into  the  cup  fo  as  almoft  to  fill  it.  Then  take 
away  your  fingers,  and  the  wooden  plate  will  Hill  be  detained  at  the 
bottom,  until  you  disjoin  it  bypulling  the  pin  fixed  to  the  middleof  it. 

Exp.  4.  Fig.  9.  Any  fort  of  oyl  lighter  than  water,  is  poured 
into  the  fhorter  leg  of  a  tube  bent  parallel  to  the  longer,  then 
while  the  tube  defcends  gradually  into  a  veffel  full  of  water,  the 
oyl  will  defcend  into  the  fhorter  leg  and  afcend  in  the  longer. 

Exp.  5.  Two  cylindrical  cups  containing  tinged  water,  whofe 
furface  is  about  an  inch  higher  in  one  than  in  the  other,  are  placed 
within  a  larger  glafs  veffel,  whofe  bottom  is  levelled  with  bees  wax 
that  the  cups  may  flick  to  it  and  Hand  upright.  Into  the  tinged  wa¬ 
ter  in  the  cups  put  the  legs  of  a  glafs  fiphon,  having  an  open  pipe 
inferted  into  the  middle  of  it,  as  reprefen  ted  in  Fi  g  .  %i ,  and  put  a 
wooden  co\fer  over  the  veffel,  having  a  hole  in  its  center  to  receive 
this  pipe  and  keep  it  upright ;  then  through  a  funnel,  inferted  into 
another  hole  in  the  cover,  pour. oyl  of  turpentine  into  the  larger  veff 
fel,  till  it  flows  into  the  cups  and  rifes  above  the  arch  of  the  fiphon. 
The  preffure  of  the  oyl  upon  the  tinged  water  in  the  cups,  wilLcaufe 
the  water  to  pafs  through  the  fiphon  from  the  higher  cup  to  the 
lower,  till  the  furfaces  of  the  water  be  reduced  to  a  level  in  both 
the  cups.  ^ 

Exp.  6:  Tlie  lafl.  experiment  being  eafily  explicable,  is  applied 
to  explain  the  effect  of  a  common  fiphon,  which  is  nothing  elle 
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Thefe  experiments  will  need  fomething  of  an  ex¬ 
plication  ;  I  fhall  therefore  give  the  reafon  why  the 
events  ought  to  be  fuch  as  we  have  feen,  and  after¬ 
wards  infer  thofe  confequences  which  I  told  you  were 
the  principal  motives  that  induced  me  to  make  thefe 
tryals. 

The  caufeof  the  firm  adherence  of  the  brafs  plate 
to  the  orifice  of  the  glafs  to  which  it  was  applied,  is 
this  j  that  the  parts  of  the  water  immediately  conti¬ 
guous  to  the  under  furface  of  the  plate,  were  very 
much  preffed  by  the  water  which  was  above  the  le¬ 
vel  of  the  under  furface  of  the  plate,  and  which  fur- 
rounded  the  glafs  to  whofe  orifice  the  plate  was  ap¬ 
plied,  that  fuperior  and  ambient  water  communi¬ 
cating  a  prefiure  downwards  to  thofe  parts  upon  the 
fame  level  which  were  directly  under  it,  and  thefe 
again  laterally  communicating  the  prefiure  they  had 
received,  to  the  other  parts  upon  the  fame  level  which 
were  immediately  under  and  contiguous  to  the  plate. 
For  if  the  parts  of  the  water  contiguous  to  the  plate 
were  not  as  much  preffed  as  the  others  upon  the 
fame  level,  which  were  diredtly  under  the  ambient 
water,  they  could  not  by  reaction  be  able  to  fuftain 
the  prefiure  of  the  others,  but  would  give  way  to  the 
admittance  of  a  further  prefiure,  which  mu  ft  for  this 
very  reafon  be  increafed  till  both  came  to  an  equi- 
poljency.  The  water  immediately  contiguous  to  the 
under  furface  of  the  plate  being  thus  preffed,  by  com¬ 
municating  its  prefiure  upwards  caufes  this  ftrong 
union  of  the  plate  and  the  orifice  of  the  glafs,  not- 
withftanding  the  weight  of  the  plate  by  which  it  en¬ 
deavours  to  defcend  and  to  be  difunited  ;  which  we 

a 

but  a  bended  pipe,  whofe  ihorter  leg  being  put  into  any  liquor 
and  your  mouth  being  applied  to  the  longer,  to  fuck  up  fome 
liquor,  the  reft  will  continue  to  afcend  in  the  ihorter  leg  and  de¬ 
fcend  through  the  longer,  till  the  whofe  be  exhaufted  from  the 
vefTel. 

favr 
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faw  it  actually  did  effed  when  it  was  not  fo  deeply 
immerfed,  and  had  not  fo  great  an  altitude  of  wa¬ 
ter  as  was  able  to  caufe  a  fuificient  refiftance. 

Now  to  know  what  depth  of  water  is  able  to  caufe 
a  fufficient  refiftance,  we  ought  to  know  the  weight 
of  the  plate  and  whatever  elfe  is  annexed  to  it,  as  in 
our  cafe  the  wire  and  the  leather  which  covers  its  up¬ 
per  fide.  We  mud  then  immerfe  it  fo  deep  at  leaft 
that  the  perpendicular  diffance  of  the  under  furface 
of  the  plate  and  upper  furface  of  the  ambient  water, 
be  equal  to  the  height  of  a  column  of  water,  whofe 
bafe  is  equal  to  the  under  furface  of  plate,  and  weight 
equal  to  the  weight  of  the  plate  with  whatever  is 
annexed  to  it.  For  then  the  preffure  of  the  water  a- 
gainft  the  plate  will  be  a  ballance  to  the  weight  of 
the  plate  againfl  the  water,  as  may  (among  other 
ways)  be  thus  made  out. 

Every  part  of  water  which  is  diredly  under  and 
contiguous  to  the  plate,  receives  and  communicates  a 
preffure  equipollent  to  that  of  every  equal  part  of 
water  upon  the  fame  level,  which  is  diredly  under 
the  ambient  water,  as  hath  been  proved  before;  now 
thefe  parts  which  are  under  the  ambient  water  receive 
their  preffure  from  the  weight  of  the  column  of  wa¬ 
ter,  which  is  perpendicularly  incumbent  on  them, 
and  by  their  readion  fuflain  that  weight,  therefore 
the  preffure  which  every  one  of  thefe  parts  receives 
and  communicates,  is  equipollent  to  the  weight  of 
its  refpedive  fuperior  column  ;  fince  then  tfte  parts 
of  water  contiguous  to  the  plate,  which  are  equal 
to  thofe  we  have  been  fpeaking  of,  receive  and 
communicate  the  fame  degree  of  preffure,  the  pref¬ 
fure  of  thefe  alfo  will  be  equipollent  to  the  weight 
of  a  like  column  of  water;  and  the  fum  of  their  pref- 
fares  or  the  force  with  which  they  do  unitedly  fuftain 
the  plate,  will  be  equipollent  to  fo  many  fuch  co¬ 
lumns  as  there  are  parts  of  water  contiguous  to 
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the  under  furface  of  the  plate.  Now  all  thofe  co¬ 
lumns  together  are  equal  to  a  cylinder  or  column 
having  that  under  furface  of  the  plate  for  its  bafe, 
and  the  perpendicular  diftance  of  that  under  furface 
of  the  plate  and  upper  furface  of  the  water  for  its 
altitude.  If  therefore  the  weight  of  that  cylinder 
be  any  thing  greater  than  the  weight  of  the  plate, 
the  plate  will  be  fuflained  ^  if  the  plate  be  not  fo 
deeply  immerfed  that  the  weight  of  the  cylinder  be 
at  lead:  equal  to  the  weight  of  the  plate,  the  plate 
will  be  disjoined,  by  itsexcefs  of  weight,  from  the 
orifice  of  the  glafs;  if  it  be  deeper  immerfed,  the 
prefTure  of  the  water  will  by  its  excefs  of  weight,  be 
more  than  fufficient  to  fuftain  it. 

The  fpecifick  gravity  of  brafs  to  that  of  water  is 
nearly  as  eight  is  to  one,  I  mean  that  bulk  for  bulk 
brafs  is  about  eight  times  heavier  than  water  ;  there¬ 
fore  the  weight  of  a  cylinder  of  water  will  be  equal 
to  the  weight  of  a  cylinder  of  brafs,  if  their  bafes  be 
equal  and  the  altitude  of  the  water  be  eight  times  as 
great  as  the  altitude  of  the  brafs.  Hence  we  may  con¬ 
clude  that  our  plate  which  is  of  brafs,  ought  to  be 
immerfed  under  water  at  leafl  eight  times  its  thick- 
nefs,  to  be  fupported  by  the  water.  For  the  fame  rea- 
fon  a  plate  of  pure  gold,  which  is  the  mod  ponderous 
body  we  meet  with,  would  require  near  twenty  times 
its  thicknefs.  Upon  this  account  it  was  that  Mr. 
Boyle  propofed  one  of  his  hydroflatical  paradoxes  in 
thefe  words,  That  a  folid  body  as  ponderous  as  any  yet 
known ,  though  near  the  top  of  the  water  it  will  fink  by 
its  own  weight ,  yet  if  it  be  placed  at  a  greater  depth 
than  that  of  twenty  times  its  thicknefs ,  it  will  not  finky 
if  its  defcent  be  not  affified  by  the  weight  of  the  incumbent 
water. 

The  other  experiment  in  which  the  quick filver 
which  is  yet  heavier  than  brafs,  was  fuftained  by 
water,  which  is  a  fluid  about  fourteen  times  fpeci- 

fically 
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fically  lighter,  is  explicable  the  fame  way.  I  will 
therefore  only  take  notice  that,  whereas  I  afferted 
before  that  an  heavier  body  immerfed  in  a  fluid  may 
be  either  immerfed  fo  deep  as  to  be  juft  fuftained, 
or  more  than  juft  fuftained,  or  fo  as  to  be  not  quite 
fuftained,  according  to  the  different  weights  of  the 
body  to  be  fuftained  and  the  column  of  the  fluid 
t  at  was  before  defcribed,  the  truth  of  the  affertion 
is  in  this  experiment  very  manifeft.  For  when  we 
immerfed  the  quickfilver  to  a  juft  depth,  we  faw  it 
reft  in  the  pipe  without  either  afcending  ordefcend- 
ing  *,  if  the  pipe  were  thruft  deeper,  the  quickfilver 
in  it  was  impelled  upwards  by  the  force  of  a  more 
than  fufficient  preffure  of  the  fluid  ;  if  the  pipe  were 
raifed  up  above  that  juft  depth,  the  quickfilver  by 
its  excefs  of  weight  would  in  part  fall  out.  This 
experiment  will  never  fucceed  unlefs  the  pipe  which 
contains  the  quickfilver  be  of  a  very  narrow  bore ; 
for  if  it  be  not  fo,  the  water  will  get  a  paffage  by 
the  fide  of  the  quickfilver,  and  this  changing  of 
places  will  foon  fruftrate  the  event. 

The  experiment  of  the  wooden  plate  remaining 
at  the  bottom  of  the  veffel  filled  with  quickfilver, 
would  poffibly  appear  ftrange  to  fome  who  are  un¬ 
acquainted  with  the  true  principles  of  hydroftaticks, 
and  prejudiced  with  the  falfe  notion  of  pofitive,  real 
or  abfoJute  levity.  For  if  that  imaginary  levity  were 
indeed  the  caufe  why  light  bodies  afcend  in  fluids 
lefs  light  than  themfelves,  we  fhould  be  utterly  at 
a  lofs  in  explaining  this  phenomenon.  For  what 
reafon  can  we  aftign  why  the  wooden  plate  by  the 
force  of  its  imagined  levity  fhould  not  in  this  cafe, 
as  well  as  in  all  others,  make  its  way  through  the  bo¬ 
dy  of  the  quickfilver,  which  is  by  fo  great  odds  lefs 
light  than  itfelf.  But  if  this  pofitive  levity  be  reje&ed 
as  we  fhall  afterwards  give  further  proof  that  it  ought 
to  be  (there  being  no  fuch  thing  in  nature  as  a  pofi¬ 
tive 
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live  levity  of  bodies)  and  the  gravitation  of  fluids  be 
be  admitted,  which  we  have  already  fhewn  to  becon- 
fonant  to  reafon  and  experience,  this  difficulty  will 
inftantly  vanifh.  For  it  cannot  but  be  evident  that  the 
plate  ought  always  to  remain  at  the  bottom,  unlefs  it 
be  difplaced  and  impelled  upwards  by  fome  adventi¬ 
tious  force,  which  in  our  cafe  does  not  happen,  the 
quickfilver  not  being  able  to  inflnuate  itfelf  between 
the  plate  and  the  bottom  upon  which  it  refts,  nor 
confequently  by  its  prefiure  upwards,  againft  the 
under  furface  of  the  plate,  to  remove  it  to  the  top, 
which  we  faw  it  did  immediately  effect  when  we 
permitted  it  to  intervene.  It  would  be  yet  more 
difficult  from  the  principle  of  pofitive  levity  to  give 
any  account  why  the  plate  does  not  only  emerge 
of  itfelf,  but  requires  even  a  confiderable  force  to 
disjoin  it  from  the  bottom.  It  is  manifeft  that  this 
cannot  otherwife  be  accounted  for,  but  muff  be  a- 
fcribed  to  the  gravitation  and  prefiure  of  the  quick- 
filver  incumbent  upon  the  plate.  The  force  requi- 
lite  for  their  reparation  being  greater  or  lefier  ac¬ 
cording  as  there  is  a  greater  or  lefier  depth  of 
quickfilver  to  hinder  their  feparation.  It  may  per¬ 
haps  feem  more  ftrange  to  fome,  as  it  was  a  moil 
perplexing  difficulty  to  the  famous  Dn  More,  that 
immediately  upon  their  feparation  there  fhould  be 
not  only  no  further  need  of  any  force  to  raife  up  the 
plate  to  the  top,  but  that  of  itfelf  it  fhould  very 
violently  emerge  *  whereas  immediately  upon  their 
feparation,  when  it  firffc  begins  to  afcend,  there  is 
ftill  al molt  as  great  a  weight  of  incumbent  quick¬ 
filver  to  deprefsit,  as  before  the  feparation  there 
was  to  detain  it.  If  we  fay  it  is  raifed  upwards  by 
the  quickfilver  which  intervenes  upon  the  repara¬ 
tion,  and  that  this  intervening  quickfilver  receives 
the  prefiure,  which  it  communicates  upwards  to  the 
wooden  plate,  from  the  reft:  of  the  quickfilver  in 
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the  veffel,  which  is  not  perpendicularly  incumbent 
on  the  plate,  but  which  furrounds  that  incumbent 
quickfilver,  being  contiguous  to  the  Tides  of  the 
veffel,  and  reding  upon  that  annular  part  of  the 
bottom,  which  is  not  covered  by  the  plate  ;  the 
Doctor  will  here  urge  a  further  difficulty,  and  will 
tell  us,  that  the  preffure  upwards  caufed  by  the 
weight  of  the  ambient  quickfilver  can  by  no  means 
equal,  much  lefs  exceed,  the  preffure  of  the  in¬ 
cumbent  (befides  the  weight  of  the  plate)  that 
being  in  quantity  much  lefs  than  this ;  fo  that  here 
he  fuppofes  he  has  found  out  fome  work  for  his 
Principium  Hylarchicum  or  his  Spirit  of  Nature. 

What  has  been  already  faid  in  the  explication  of  the 
firft  experiment,  may  be  a  fufficientfolution  of  this 
difficulty  •,  for  it  was  there  proved  that  the  force  with 
which  the  brafs  plate  was  fufpended,  was  equal  to  the 
weight  of  a  cylinder  of  the  fluid  in  which  it  was  im- 
merfed,  whofebafe  was  equal  to  the  area  of  the  plate, 
and  altitude  equal  to  the  perpendicular  diftance  of 
the  under  furface  of  the  plate  and  upper  furface  of  the 
fluid,  of  what  breadth  foever  the  ambient  fluid  were 
fuppofed  to  be:  which  paradox  fhall  be  further  ex¬ 
plained  and  experimentally  illuflrated  at  our  next 
meeting.  In  our  prefent  cafe  then,  the  force  which 
impells  the  wood  upwards,  is  equal  to  the  weight  ofa 
cylinder  of  quickfilver  having  the  under  furface  of 
the  wood  for  its  bafe,  and  the  perpendicular  depth  of 
that  under  furface  for  its  altitude  *,  which  weight, does 
evidently  exceed  that  of  the  incumbent  quickfilver 
and  plate  together,  juft  as  much  as  the  weight  of  the 
wooden  plate  itfelf  falls  fhort  of  the  weight  of  an  e- 
qual  bulk  of  quickfilver.  Quickfilver  is  fitter  to  be 
ufed  in  this  experiment  than  water,  becaufe  it  does 
not  adhere  to  or  wet  wood  as  water  does,  and  cannot 
therefore  fo  eafily  infinuate  itfelf  between  the  plate 
and  the  bottom  upon  which  it  refts, 
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The  next  experiment  that  was  tryed,  was  propofed 
to  evince  the  fame  thing  with  this  laft,  that  fluids  may 
detain  and  even  deprefs a  fpecifically  lighter  body  than 
themfelves  *,  there  was  only  this  difference,  that  in  the 
former  the  fpecifically  lighter  body  was  a  folid,  and 
in  the  latter  a  fluid.  I  fhall  pafs  over  the  explication 
of  the  latter,  prefuming  that  by  this  time  the  reafon 
of  it  is  fufficiently  obvious. 

You  may  remember  we  immerfed  two  pipes  of  dif¬ 
ferent  bores  in  aveffel  ofquickfilver,  Fig.  io,  then 
pouring  on  water  which  could  not  get  into  the  pipes, 
their  upper  orifices  being  above  the  water  and  their 
lower  under  the  quickfilver,  the  quickfilver  was  feen 
to  afcend  in  the  pipes  above  the  level  of  that  in  the 
veffel  to  the  fame  altitude  in  both.  This  effedt  is  an 
eafy  and  plainconfequence  cff  the  gravitation  and  pref- 
fure  of  water  upon  the  quickfilver.  For  if  we  imagine 
a  plane,  parallel  to  the  horizon,  to  pafs  by  the  under  o- 
rifices  of  thepipes,  it  is  certain  that  thefe  fluids  cannot 
reft  in  any  pofition  till  every  equal  part  of  this  imagi¬ 
nary  plain  doth  fuftain  an  equal  preffure  with  the  reft, 
as  has  been  proved  before ;  now  the  parts  of  this  plane 
which  are  diredtly  under  the  orifices  of  the  pipes,  can¬ 
not  fuftain  an  equal  preffure  with  the  reft,  unlefs  the 
quickfilver  befuppofed  to  afcend  fo  much  in  the  pipes 
as  to  ballance  that  excefs  of  water  which  preffes  upon 
the  other  parts  *,  and  although  it  might  feem  at  firft 
fight  that  a  leffer  height  of  quickfilver  would  be  fuf- 
ficientfor  this  purpofe  in  the  larger  pipe  than  in  the 
fmaller,  a  leffer  height  of  quickfilver  in  that  being  e- 
quiponderant  to  a  greater  in  this,  yet  in  reality  it  is 
quite  otherwife,  and  the  heights  in  both  ought  to  be  e- 
qual.  For  though  there  is  a  greater  weight  of  quick- 
filver  in  the  larger  pipe,  yet  we  muft  at  the  fame  time 
confider,  that  this  greater  weight  has  a  proportiona- 
bly  greater  part  of  the  imaginary  plane  to  communi¬ 
cate  a  preffure  to* 
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We  are  now  come  to  that  ingenious  experiment 
firft  propofed  by  M.  Pafcbal  to  manifell  that  the  ef~ 
fe<5t  of  a  fyphon  may  depend  upon  the  gravitation  of 
a  fluid.  We  faw  it  with  our  eyes  and  can  therefore  no 
longer  doubt  of  it,  that  the  weight  and  preflure  of  the 
oyl  caufed  the  tinged  water  to  take  its  courfe  from  the 
higher  veflfel  into  the  lower  through  the  bended  pipe* 
But  that  you  may  have  the  evidence  of  reafon  as  well 
as  of  fenfe,  I  will  give  you  that  excellent  author’s 
own  explication  of  this  matter,  after  I  have  told  you 
that  he  inftead  of  our  tinged  water  made  ufe  of  quick- 
filver,  and  inftead  of  our  oyl  of  turpentine  he  tried 
his  experiment  with  water.  We  are  to  obferve* 
fays  he,  that  the  oyl  gravitating  upon  the  tinged 
water  contained  in  each  veflfel,  and  not  all  upon  that 
which  is  contained  in  the  legs  of  the  fyphon,  it  comes 
to  pafs  that  the  water  in  the  veflfel  is  compelled  by 
the  weight  of  the  oyl,  to  afcend  in  each  leg  to  the 
top  of  the  fyphon,  and  there  a  fort  of  conflidl  mult 
happen  betwixt  the  two  afcending  columns,  each 
prefling  againft  the  other,  and  that  will  neceflarily 
prevail  which  has  the  greater  force.  Now  which  has 
the  greater  force  may  eafily  be  determined,  for  fince 
the  oyl  has  the  greater  altitude  above  the  lower  vef- 
fel  by  an  inch,  it  muft  more  powerfully  elevate  the 
water  of  the  longer  leg,  than  that  of  the  fhorter  by 
the  force  which  an  inch  of  altitude  gives  to  it.  Whence 
it  feems  at  firft  fight  to  follow,  that  the  water  ought 
to  run  from  the  longer  to  the  fhorter  leg.  But  we 
muft  at  the  fame  timeconfider  that  the  weight  of  the 
water  in  each  leg  refills  the  effort  of  the  oyl  to  raife 
it  up,  but  both  do  not  refill  equally,  for  the  water  in 
the  longer  leg  has  a  greater  altitude  by  an  inch,  and 
fo  makes  a  greater  refiftance  by  the  force  which  an 
inch  can  give  it.  In  the  longer  leg  the  water  is  more 
powerfully  elevated  by  the  force  of  an  inch  of  oyl, 
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and  its  afcent  is  more  powerfully  hindered  by  the 
force  of  an  inch  of  water  *,  now  an  inch  of  water  is 
more  ponderous  than  an  inch  of  oyl  *,  therefore  the 
water  of  the  fhorter  leg  abfolutely  fpeaking  is  elevat¬ 
ed  with  a  greater  force,  and  confequently  it  ought  to 
afcend,  and  continue  to  afcend  till  the  water  in  both 
veffels  comes  to  a  level,  (b) 

From  hence  it  appears  that  the  reafon  of  the  high¬ 
er  veffers  emptying  itfelf  into  the  lower,  is  that  the 
water  is  heavier  infpecie  than  the  oyl.  The  contrary 
would  happen  if  the  fyphon  and  the  veffels  into 
which  it  is  immerfed  were  filled  with  oyl,  and  all 
were  immerfed  in  a  velTel  of  water  *  for  then  it  would 
come  to  pafs  that  the  oyl  of  the  lower  veffel  would 
afcend,  and  paffing  by  the  top  of  the  fyphon  would 
defcend  into  the  upper  veffel,  upon  the  account  which 
I  have  juft  now  mentioned.  For  the  water  preffing 
continually  upon  the  oyl  in  the  lower  veffel  with  a 
greater  force,  fince  it  has  by  an  inch  a  greater  alti¬ 
tude,  and  the  oyl  of  the  lower  leg  gravitating  and  re¬ 
filling  more  by  an  inch  of  altitude,  it  muft  needs 
come  to  pafs,  fince  an  inch  of  oyl  weighs  lefs  than 
an  inch  of  water,  that  the  oyl  of  the  lower  leg  ought 
to  be  more  forcibly  elevated  than  the  oyl  of  the 
higher,  and  therefore  the  courfe  muft  be  from  the 
lower  veffel  into  the  higher.  Upon  the  fame  ac¬ 
count  if  the  fyphon  were  filled  with  a  liquor  of  the 
fame  gravity  with  water,  no  flux  would  enfue  but 
all  things  would  remain  at  reft. 

From 

(b)  The  author  has  here  given  us  M.  PafcaV s  explication  of  his 
own  experiment,  but  in  common  difcourfe  I  remember  he  explain¬ 
ed  it  as  follows. 

In  Fi  g  .  ii.  Suppofmg  the  legs  of  the  fyphon  to  be  really  equal, 
or  which  comes  to  the  fame,  fuppofing  an  horizontal  plane  to  pafs 
through  the  legs  and  tinged  water  in  both  cups,  the  parts  of  this 
plane  within  the  legs  will  be  equally  preffed  by  equal  columns  of 

tinged 


2  X 


IL  the  preffure  of  fluids » 

From  thefe  experiments  I  might  now  in  a  few 
words  and  very  eafily  deduce  thofe  inferences,  for 
whofe  fake  they  were  chiefly  propofed,  were  they 
not  already  too  obvious  to  be  infilled  on.  I  will 
therefore  only  mention  them.  Suppofing  then  the 
air  to  be  an  heavy  fluid,  and  that  the  furface  of  the 
earth  is  as  much  preffed  upon  by  this  fluid  as  if  it 
were  every  where  covered  with  quickfilver  to  the 
height  of  about  29  inches  and  an  half,  or  with  water 
to  the  height  of  about  34  feet,  as  wTe  fhall  hereafter 
prove ;  if  in  thefiril  experiment,  Fig.  7,  we  fubfti- 
tute  air  inftead  of  water,  and  inftead  of  the  plate  of 
brafs  applied  to  the  orifice  of  the  glafs  veffel,  two  po- 
lifhed  planes  applied  together  fo  clofely  as  to  exclude 
the  air  from  getting  between,  the  lower  plane  mufl 
of  neceftity  be  preffed  againft  the  upper  and  kept  fuf- 
pended.  So  in  the  laft  but  one  of  thefe  experiments, 
in  which  the  quickfilver  was  raifed  above  its  level  in 
the  two  pipes.  Fig.  10,  if  we  fubflitute  the  body  of 
a  pump  for  either  of  thofe  pipes,  water  in  the  well 
for  quickfilver  in  the  veffel,  air  incumbent  upon  the 
water  in  the  well  for  water  incumbent  upon  the  quick¬ 
filver  in  the  veile],  and  obferve  that  as  the  water  in 
our  experiment  was  hindered  from  entering  into  the 


tinged  water  within  the  legs ;  but  other  equal  parts  of  this  plane  on 
the  outfides  of  each  leg,  will  be  unequally  preffed  by  their  incum¬ 
bent  columns  though  of  equal  altitudes ;  becaufe  the  columns  of 
the  higher  cup  confift  of  more  water  and  lefs  oyl  than  thofe  of  the 
lower.  The  heavier  columns  will  therefore  prefs  up  the  higheiwa- 
ter  into  the  leg  in  its.  cup,  with  greater  force  than  the  lighter  co¬ 
lumns  can  prefs  up  the  lower  water  into  the  leg  in  its  cup,  and  the 
excefs  of  the  former  preffure  above  the  latter  will  drive  the  wa¬ 
ter  along  the  fyphon  from  the  higher  cup  to  the  lower. 

This  excefs  of  preffure,  which  caufes  the  flux,  is  therefore  as  the 
difference  in  weight  of  two  columns  compofed  of  water  and  oyl, 
whofe  common  bafe  is  equal,  to  the  orifice  of  the  fyphon,  and  com¬ 
mon  height  is  the  difference  of  the  heights  of  the  water  in  the  cups? 
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pipe  by  the  Tides  of  the  pipe,  fo  the  air  is  excluded 
from  the  cavity  of  a  pump  by  the  fides  of  the  pump 
and  the  fucker ;  it  will  be  clear  to  any  one,  that  wa¬ 
ter  may  afcend,  by  the  preffure  of  the  external  air 
upon  the  furface  of  the  water  in  the  well,  to  the 
height  of  about  34  feet  The  fyringe  is  a  little  pump 
as  the  pump  is  a  greater  fyringe,  what  has  been  faid 
of  the  pump  may  therefore  be  applied  to  the  fyringe. 
The  cafe  is  very  nearly  the  fame  with  the  Torricel¬ 
lian  tube,  barometer,  or  weatherglafs,  in  which  the 
quickfilver  ufually  afcends  to  29  inches  and  an  half ; 
that  height  of  quickfilver  being  equiponderant  to 
34  feet  of  water.  This  alfo  may  be  taken  notice  of, 
that  as  in  our  experiment  the  quickfilver  afcended 
to  the  fame  height  in  both  pipes,  though  of  unequal 
diameters,  fo  in  pumps  and  barometers  the  altitude 
of  the  liquors  is  not  altered  by  any  difference  of  their 
bores,  The  laft  experiment  is  fo  particularly  fitted 
to  the  common  fyphon  that  any  one  may  make  the 
application,. 


LECTURE  III, 

'That  fluids  prefs  according  to  their  perpendicular  alti¬ 
tudes ,  whatever  he  their  quantities  or  however  the 
containing  veffels  he  figured  *,  the  exatl  ejlimate  of  all 
manner  of  prejfures  \  and  the  invention  of  the  center 
of  preffure  upon  any  propofed  plane  reduced  to  the 
problem  of  finding  the  center  of  per cuff  on f 

We  are  now  to  determine  the  quantity  of  that  pref- 
fure  which  any  furface  fuftains  that  is  expofed 
to  the  gravitation  of  a  fluid :  this  muff  be  done  gradu¬ 
ally,  beginning  with  thofe  cafes  which  are  mofl  Ample 
and  eafy,  and  afterwards  proceeding  to  thofe  which 
are  more  complex  and  difficult.  Let  a  veffel  ahcd 
f  ig.  i2»  be  propofed  containing  any  fluid,  fuppofe 
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water,  and  let  ab  be  the  upper  furface  of  the  water, 
and  c  d  the  bottom  of  the  veffel.  The  preffure  upon 
any  part  of  that  bottom,  fuppofe^T,  will  be  equi¬ 
valent  to  the  weight  of  a  column  of  v/ater  ghik ,  hav¬ 
ing  the  part^  h  for  its  bafe  and  g  i  or  h  k,  the  depth 
under  water,  for  its  altitude.  This  feems  to  befelf- 
eyident  and  may  beft  be  proved  by  the  abfurdicy  of 
any  contrary  fuppofition  *  for  if  it  be  faid  that  g  h  fu- 
Hains  a  greater  weight  than  that  of  the  column  ghi  ky 
theexcefs  muft  come  from  theadjoiningcolumns  acgi 
and  khdb\  now  for  the  like  reafon  it  ought  to  be 
faid  that  eg  fuflains  a  greater  weight  than  that  of  the 
column  a  cgi ,  and  hd  a  greater  than  that  of  the  co¬ 
lumn  khdb ;  but  if  this  were  true,  then  would  all  the 
parts  eg,  gb  and  hd  together,  of  that  whole  plane 
€  d,  fuftain  a  greater  weight  than  that  of  the  columns 
together,  or  of  the  whole  water  which  is  above  it, 
namely  ac  db,  which  is  abfurd.  The  like  abfurdity 
will  follow  if  it  be  faid  that  ^fuflains  a  leiTer  preffure 
than  the  weight  of  the  column  ghik  v  the  weight  of 
that  column  then  which  is  perpendicularly  incum¬ 
bent  upon  it,  is  exadily  equivalent  to  the  preffure 
which  it  fuflains. 

This  is  the  quantity  of preffure  upon  the  plane  gh 
in  the  cafe  that  has  already  been  deferibed.  If  the  fi¬ 
gure  of  the  veffel  be  any  way  altered,  the  preifure 
will  ftill  be  the  fame  if  the  perpendicular  diflance  of 
the  plane  gh  from  the  upper  furface  of  the  water  con¬ 
tained  in  the  veffel  9  of  whatever  figure  it  be,  remain 
unaltered.  Thus  in  Fig.  13,  14,  \(  Ing ho  m  & 
veffel  of  any  irregular  figure,  and  l  m  be  the  upper 
furface  of  the  water,  and  the  perpendicular  diflance 
of  gh  below  Im  namely  g  1  or  hk  be  the  fame  as  be¬ 
fore,  the  preffure  of  the  veffel  led  v/ater  Ingho  m  up¬ 
on  the  bottom  gb  will  be  equal  to  the  fame  weight 
of  the  column  ghik  as  before,  though  the  veifelled 
water  Ighm  be  much  lefs  than  that  column,  as  in 
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Fig.  13,  or  much  greater,  as  in  Fig.  14,  Thepref- 
fure  is  not  to  be  eftimated  by  the  quantity  of  water 
but  by  its  altitude.  For  if  the  quantity  of  water  Igbm 
in  Fig.  13,  be  a  thoufand  times  lefs  than  as  we 
may  eafily  fuppofe  it  to  be,  and  the  quantity  of  wa¬ 
ter  Igh  m  in  Fig.  14,  be  a  thoufand  times  greater 
than  the  fame  ighk ,  then  the  quantity  of  this  latter 
will  be  a  million  of  times  greater  than  that  of  the  for¬ 
mer,  neverthelefs  both  will  equally  prefs  upon  their 
bottoms  gh  with  a  force  equivalent  to  the  weight  of 
the  perpendicular  column  g,hik  \  which  maydeferv- 
edly  be  accounted  a  paradox  in  hydroftaticks,  but  may 
thus,  among  other  wavs,  be  rendered  intelligible. 

Let  us  conceive  each  of  thofe  veffels  placed  in  a 
larger  abed  ;  the  prefture  upon  gh  will  be  the  fame 
whether  we  fuppofe  the  water  Ingbom  to  be  con¬ 
tained  in  its  proper  veifel  Ingbom ,  or,  imagin¬ 
ing  that  veftel  to  be  away,  we  fuppofe  its  place  to 
be  fupplied  by  the  ambient  water  acgnl  and 
bo  mb  d-,  for  any  parcel  of  water  may  be  conceived 
to  be  kept  in  by  the  reft  of  the  water,  which  every 
way  furrounds  it  as  in  a  veftel,  fuppoftng  all  things 
at  reft.  Now  in  this  latter  cafe  where  we  fuppofe 
the  ambient  water  acgnl  and  hombd  to  be  a  veftel 
to  the  water  Ingbom ,  the  prefture  upon^F  is  equi¬ 
valent  to  the  weight  of  the  column  ghik ,  as  has  beea 
already  made  out;  therefore  in  the  former  cafe, 
where  the  water  Ingbom  was  contained  in  its  pro¬ 
per  veftel,  the  prefture  upon  gh  will  be  alfo  equiva¬ 
lent  to  the  weight  of  the  fame  column  gb  ik.  By  the 
fame  way  of  reafoning  we  may  conclude  that  the  wa¬ 
ter  contained  in  any  other  more  irregular  veftel,  as 
Ingbom  in  Fig.  15,  preftes  upon  the  bottom  with 
a  force  equivalent  to  the  weight  of  the  column  of  wa¬ 
tery  h  i £,  having  the  faid  bottom  for  its  bafts,  and  gi 
or  b  ky  the  perpendicular  diftance  of  the  planes  g  b 
and 7  for  its  altitude. 
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If  the  plane  g  h  be  oblique  to  the  horizon,  as  in 
Fig.  16,  the  preflu  re  upon  gh  from  the  water  of  the 
veflTel  Inghom ,  or  from  that  of  the  veflfe.1  eg  hf  or 
from  that  of  the  larger  veflfel  ac  db,  will  ftill  be  the 
fame,  if  the  upper  furfaces  Im ,  ef  and  ab  be  in  the 
fame  plane  or  at  the  fame  altitude  above  gh.  The 
altitude  is  every  where  the  meafure  of  preflure -what¬ 
ever  be  the  quantity  of  the  fluid,  or  however  the  con¬ 
taining  veflTel  be  figured  (a ). 

I  fiiould 

[a)  The  author  gave  an  experimental  proof  of  thefe  conclufions 
as  follows.  Fig.  17  reprefents  a  large  mouthed  fyphon  inverted 
and  partly  filled  with  water,  whofe  furface  always  refts  at  the  fame 
level  in  both  legs ;  confequently  fuppofing  the  fyphon  to  be  cut  at 
the  bottom  of  the  flexure  by  an  imaginary  plane,  the  water  in  both 
legs,  however  different  in  fhape  and  bulk,  preffes  with  equal  and 
pppofite  forces  againft  that  plane  ;  otherwife  the  level  of  the  water 
would  foon  be  altered  and  deftroyed. 

It  has  been  (hewn  above,  that  the  brafs  plate  a  b,  in  Fi  g  .  7, 
being  about  eight  times  heavier  than  an  equal  bulk  of  water,  will 
by  the  preflure  of  the  water  underneath  it,  be  fupported  at  the 
mouth  of  the  inner  veflel,  if  the  plate  be  immerfed  under  water 
above  8  times  its  thicknefs.  This  being  done,  let  other  water  be 
gradually  poured  through  a  funnel  into  the  inner  veflel,  till  its 
weight  and  preflure  fliall  caufe  the  plate  to  defcend,  and  at  thatin- 
ftant  let  the  altitude  of  the  inner  water  above  the, plate  be  obferved, 
or  rather  the  difference  between  the  altitudes  of  the  inner  and  outer 
water,  which  difference  by  theory  fiiould  be  about  eight  times  the 
thicknefs  of  the  plate. 

This  being  obferved,  take  up  the  inner  veflel,  and  into  its  mouth 
fqueeze  a  large  cork  r  d  with  a  wet  leather  bound  about  it,  fo  far  as  to 
leave  a  thin  fpace  between  it  and  the  plate  applied  to  the\mfice  of 
the  mouth,  as  reprefented  in  Fig.  18.  A  glafs  tube  gh  was  firft 
fqueezed  through  a  hole  in  the  middle  of  this  cork  and  cemented, 
to  it,  and  then  the  wire  cf  fixed  in  the  plate  was  put  through  the 
tube.  Then  while  the  plate  is  held  by  the  end  of  the  wire  againft 
the  orifice  of  the  inner  veflel,  the  whole  is  let  down  into  the  water 
in  the  outer  veflel,  by  whofe  preflure  upwards  the  plate  is  again 
fupported,  as  before.  But  by  degrees  the  ambient  water  will  infi- 
nuate  itfelf  between  the  orifice  and  the  plate,  into  the  thin  fpace 
above  it,  and  this  being  filled,  it  will  quickly  rife  into  the  tube, 
where  as  foon  as  it  arrives  at  the  altitude  before  obferved  in  the 
whole  inner  veffd,  its  weight  and  preflure  will  immediately  caufe 
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I  fhould  now  proceed  to  eftimate  the  preffure  upon 
planes  which  are  either  perpendicular  or  oblique  to 
the  horizon,  butbecaufe  the  feveral  indefinitely  fmall 
parts,  of  which  fuch  planes  are  compofed,  are  aCted 
upon  with  different  forces,  accordingly  as  the  parti¬ 
cles  of  water,  by  which  they  are  immediately  touched, 
happen  to  be  at  different  depths ;  and  fince  the  total 
preffure  is  made  up  of  all  thefe  different  forces  taken 
together,  we  ought  before  we  go  any  further  to  con- 
fider,  what  will  be  thepreffure  which  each  of  thefein- 
definitely  fmall  parts  fuftains.  Firft  then  we  are  to 
confider  that  every  fmall  particle  of  water,  which  is 
at  reft,  is  preffed  upon  equally  on  all  fides  by  the 
other  particles  which  furround  it,  otherwife  it  would 
yield  to  the  ftronger  force  till  it  were  equally  prefled 
every  where  ;  and  as  it  is  equally  preffed  on  all  fides, 
fo  does  it  everyway  by  reaction  equally  prefs  what¬ 
ever  is  contiguous  to  it,  according  to  all  poffible 
contrary  directions  ;  for  fhould  it  prefs  lefs  than  it 
were  preffed,  it  muft  neceffarily  yield  to  the  force 
which  is  fuppofed  greater  than  its  own ;  and  fhould 
it  prefs  more  than  it  were  preffed,  its  force  would  ne~ 
ceffarily  remove  its  weaker  antagonift.  Therefore 
fince  all  things  are  fuppofed  to  be  at  reft,  we  cannot 
any  ways  imagine  this  inequality  of  preffure  to  take 
place.  Now  it  has  been  proved  before,  that  the  pref¬ 
fure  from  above  is  equivalent  to  the  weight  of  the 
incumbent  column  of  water,  therefore  the  pref¬ 
fure  from  any  other  part,  or  according  to  any  other 
direction,  is  alfo  equal  to  the  weight  of  the  fame  in¬ 
cumbent  column  *,  and  fince  aCtion  and  reaction  are 
equal,  the  particle  itfelf  muft  prefs  according  to  all 
manner  of  directions  with  the  fame  force,  which  is 
equivalent  to  the  weight  of  the  incumbent  column* 

the  plate  to  defcend :  which  fhews  that  the  preffure  of  this  fmaller 
quantity  of  water  is  equal  to  that  of  the  larger  upon  the  fame 
foafe. 

it 
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It  is  evident  then  that  as  fluids  prefs  according  to  all 
poflible  directions,  fo  are  the  preflures  equal  accord¬ 
ing  to  all  directions,  if  the  points  of  contaCt  in  which 
the  preflures  are  made  be  a*  equal  depths.  This  be¬ 
ing  allowed  we  may  proceed  to  what  remains. 

Suppofing  then  that  acdb  in  Fig.  19,  is  a  cubical 
veflel  in  which  the  water  reaches  to  the  top,  fo  that 
its  upper  furface  be  reprefented  by  a  b*  let  it  be  re^> 
quired  to  determine  the  preflfure  which  one  of  its 
fides  ac  fuftains  from  the  included  water.  This  fide 
ac  though  reprefented  here  by  a  line,  to  avoid  con- 
fuflon  in  the  fcheme,  is  fuppofed  to  be  a  fquare.  The 
meafure  of  the  preflfure  upon  every  phyflcal  point  of 
that  fquare,  or  as  it  is  here  reprefented,  of  that  line 
ac9  is  the  altitude  of  the  water  above  that  point; 
thus  the  preflfure  upon  l  is  meafured  by  a  /,  the  pref- 
fure  upon  m by  a  m ,  the  preflfure  upon  n  by  an*  and 
the  preflfure  upon  c  by  ac,  and  the  fame  may  be  faid 
for  any  other  points  of  the  line  a  c ;  therefore  the 
preflfure  upon  the  whole  line,  or  upon  all  the  points 
of  it,  will  be  meafured  by  the  fum  of  fo  many  of 
thofe  altitudes  al*  am ,  an ,  ac?  as  there  are  points  in 
the  line  ac.  Now  that  fum  maybe  eftimated  by  draw¬ 
ing  the  perpendicular  lo  equal  to  la  from  the  point  /„ 
the  perpendicular  mp  equal  to  m a  from  the  point  m* 
the  perpendicular  nq  equal  to  n  a  from  the  point  n , 
and  the  perpendicular  cd equal  to  c  a  from  the  points. 
Now  it  is  evident  that  the  fum  of  a l*  am ,  an,  ac 
m  uft  be  equal  to  the  fum  of/  0*  mp ,  nq,cd ,  and  rffrom 
every  intermediate  point  between  a  and  /,  l  and  m9 
m  and  n*  n  and  c,  perpendiculars  be  conceived  to  be 
drawn  after  the  fame  method,  the  fum  of  all  thofe 
perpendiculars  will  be  the  meafure  of  the  total  pref- 
fure  upon  the  line  ac.  But  the  fum  of  all  thofe  per¬ 
pendiculars  is  equal  to  the  area  of  the  triangle  ac d* 
therefore  the  area  of  the  triangle  a  cd  is  the  meafure 
pf  the  preflfure  upon  the  line  ac. 


Now 


I 


28  Tthe  exaEt  ejlimate  of  Left. 

Now  as  the  line  a  c  reprefents  a  fquare,  fo  will  the 
triangle  acd reprefent  a  prifm,  having  the  faid  trian¬ 
gle  for  its  bafe,  and  the  fide  of  the  fquare  for  its  alti¬ 
tude.  The  weight  of  that  prifm  of  water  is  therefore 
equivalent  to  the  preffure  made  againft  the  fquare, 
or  fide  of  the  cube.  That  prifm  is  equal  to  half  the 
whole  cube,  as  we  learn  from  Euclid’s  elements, 
therefore  the  preffure  againft  the  fquare  is  equivalent 
to  half  the  weight  of  the  whole  water  contained  in 
the  veffel.  There  are  four  fuch  fides  of  a  cube  be- 
Fidesthe  top  and  bottom,  and  each  of  thofe  four  fides 
for  the  fame  reafon  fuftains  the  fame  preffure,  there¬ 
fore  all  together  fuftain  four  times  half  the  weight, 
that  is  twice  the  whole  weight  of  the  water.  And 
the  bottom,  by  whathas  been  proved  above,  doesit- 
felf  fuftain  a  preffure  equal  to  the  whole  weight  of 
the  water;  therefore  the  bottom  and  fides  together 
of  a  cubical  veffel  filled  with  water,  fuftain  a  preffure 
from  the  water  equal  to  thrice  the  weight  of  it. 

I  have  endeavoured  to  make  the  thing  as  eafy  as 
I  believe  the  nature  of  it  will  permit,  however  fince 
that  part  of  this  dedudtion  where  I  told  you  the  tri¬ 
angle  Jdid  at  the  fame  time  reprefent  the  prifm 
when  the  line  ac  reprefented  the  fquare,  might  be 
perhaps  a  little  obfcure,  I  will  endeavour  to  clear  up 
this  matter  fomething  further.  Let  then  a  cfe  in 
Fig.  20  reprefent  the  fquare  fide  of  the  veffel,  and 
cdgf  reprefent  the  fquare  bottom  of  the  fame.  It 
was  proved  before  that  the  preffure  exercifed  upon 
the  line  ac  was  meafured  by  the  triangle  acd-,  by 
the  fame  way  of  reafoning  it  may  be  proved  that 
the  preffure  upon  the  line  ef  is  meafured  by  the  tri¬ 
angle  c fg,  and  the  preffure  upon  any  other  line  hi , 
which  is  parallel  to  thefe  two  and  fituated  between 
them,  is  meafured  by  its  refpedive  triangle  h  i  k .  If 
we  imagine  the  fquare  a  cfe  to  be  made  up  of  an  infi¬ 
nite  number  of  fuch  intermediate  lines  as  h  i9  the  pref- 
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fure  upon  the  whole  fquare  will  be  made  up  of  the 
fame  infinite  number  of  fuch  equal  triangles  as  htk\ 
now  the  futn  of  all  thofe  triangles  make  up  the  prifm 
a  eg  defy  and  this  prifm  is  half  the  whole  cube,  as  in 
the  former  fcheme  the  triangle  a  cd  is  half  the  fquare 
aedb.  If  the  plane  a  cfe  inftead  of  being  a  fquare 
were  a  redtangled  parallelogram,  having  its  fide  ae 
either  longer  or  ffiorter  than  a  c,  it  would  follow 
from  the  principles,  that  the  prefiure  to  which  it  is 
expofed,  would  be  equivalent  to  the  weight  of  a  like 
prifm  of  water  having  the  triangle  acd  for  its  bafe, 
and  the  fide  a  e  for  its  altitude. 

I  have  been  hitherto  fpeaking  of  planes  which  are 
either  parallel  or  perpendicular  to  the  horizon;  it  will 
be  no  difficult  matter  to  apply  what  has  been  faid  of 
perpendicular  planes  to  thofe  which  are  oblique.  Let 
ac  in  Fig.  21  reprefent  any  fuch  oblique  plane,  and 
let  the  upper  furface  of  the  water  be  a  b.  The  mea- 
fure  of  the  prefiure  upon  the  point  l  is  Is  the  altitude 
of  the  water  above  that  point,  fo  tm  is  the  meafure 
of  the  prefiure  upon  w,  vn  the  meafure  of  the  pref- 
fure  upon  n9  and  xc  the  meafure  of  the  prefiure  upon 
c.  Eredt  the  perpendiculars  lo9  mpy  nq_y  cr  equal 
refpedlively  to  /  j,  m  /,  nVy  c  Xy  and  imagine  the  like 
conftrudtion  to  be  made  for  all  the  other  points  of  the 
line  a  c,  and  the  fum  of  all  thofe  perpendiculars,  that 
is  the  triangle  ac  r,  will  be  the  meafure  of  th^pref- 
fure  upon  the  whole  line  a  c.  If  this  line  a  c  be  fup- 
pofed  to  reprefent  a  parallelogram  as  before,  then 
the  triangle  a  cr  will  as  before  become  a  prifm,  and 
the  weight  of  that  prifm  of  water,  which  we  are 
taught  by  Euclid  how  to  meafure,  will  be  the  pref- 
fure  fuftained  by  the  parallelogram. 

I  have  hitherto  fuppofed  that  the  line  c  a  or  the 
parallelogram  reprefented  by  it,  coincides  with  the 
furface  of  the  water  at  a  ;  if  that  does  not  happen, 
but  the  higheft  part  of  the  line  or  parallelogram  is  at 
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fome  diftance  from  the  furface,  a  computation  of  the 
preflure  will  ftill  be  eafy  enough.  Suppofe  me  in 
Fig.  21,  were  the  line  or  parallelogram  propofed ; 
the  p reffu re  upon  the  line  m  c  will  be  meafured  by 
the  trapezium  or  four  fided  figure  m  c  rpy  and  the 
preflure  upon  the  parallelogram  reprefented  by  that 
line,  will  be  a  prifm  having  that  trapezium  for  its 
bafe,  and  the  other  fide  of  the  parallelogram,  which 
is  fuppofed  parallel  to  the  furface  of  the  water,  for 
its  altitude. 

From  what  has  been  faid  of  thefe  few  particular 
inftances  we  may  now  underftand,  that  the  prefiiire 
upon  any  plane  of  whatever  figure  and  fituation,  is 
equivalent  to  the  weight  of  a  folid  of  water,  which  is 
formed  by  eredling  perpendiculars  upon  every  point 
of  the  plane  propofed,  equal  to  the  refpedtive  di~ 
fiances  of  thofe  points  from  the  upper  furface  of  the 
water.  For  the  perpendiculars  being  the  meafure  of 
the  preflure  upon  the  points  from  which  they  are 
erected,  the  fum  of  thefe  perpendiculars,  or  the  folid 
formed  by  them,  will  be  equal  to  the  fum  of  the 
preflures  upon  the  points,  or  the  total  preflure  upon 
the  whole  plane. 

Or  we  may  thus  exprefs  the  fame  thing  after  ano¬ 
ther  way,  and  fo  take  in  all  curved  furfaces  as  well 
as  planes  *,  that  the  preflure  upon  any  furface  is  equal 
to  the  fum  of  all  the  products  which  are  made  by 
multiplying  every  indefinitely  fmall  part  of  the  fur¬ 
face  into  its  diftance  from  the  top  of  the  water.  For 
the  preflure  upon  each  of  thofe  parts  is  equal  to  a 
column  of  water  having  the  part  for  its  bafe,  and  the 
diftance  from  the  top  of  the  water  for  its  altitude  j 
and  every  one  knows  who  has  the  leaft  skill  in  geo¬ 
metry,  that  thofe  columns  are  meafured  by  multi¬ 
plying  their  bafes  by  their  altitudes  ;  therefore  the 
fum  of  the  products  of  all  thofe  bafes  or  little  parts 
by  their  altitudes,  or  refpeftive  diftances  from  the 
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top  of  the  water,  will  be  equal  to  all  the  columns 
upon  every  little  part,  and  therefore  to  a  body  of 
water  whofe  weight  will  be  equivalent  to  the  total 
preffure  upon  the  whole  furface. 

Now  to  find  the  fum  of  all  thefe  produ&s,  or  a 
body  of  water  equal  to  that  fum,  is  a  very  difficult 
problem  in  mo  ft  cafes.  Stevinus  in  his  hydroftaticks 
has  attempted  it  only  in  a  few  inftances,  and  thofe  of 
plane  furfaces,  and  among  plane  furfaces  he  meddles 
only  with  fuch  which  he  calls  regular,  neverthelefs  he 
has  gone  the  fartheft  in  this  matter  of  any  writer  I 
have  met  with.  To  fupply  then  this  defeat  I  will  here 
lay  down  another  rule,  which  is  not  only  univerfal* 
but  alfo  as  eafy  and  expeditious  as  can  be  defired. 

It  is  this ,  the  preffure  upon  any  furface  whatever* 
however  it  be  fituated,  is  equal  to  the  weight  of  a 
body  of  water  whofe  magnitude  is  found  by  multi¬ 
plying  the  furface  propofed  into  the  depth  of  its  cen¬ 
ter  of  gravity  under  water.  So  the  preffure  upon  any 
number  of  furfaces  of  different  bodies,  however  dif¬ 
ferently  fituated,  is  equal  to  the  weight  of  a  body  of 
water  whofe  magnitude  is  found  by  multiplying  the 
fum  of  all  thofe  furfaces  into  the  depth  of  their  com¬ 
mon  center  of  gravity  under  water. 

The  demonftration  of  this  rule  may  not  perhaps 
be  fully  underftood  by  thofe  who  are  unacquainted 
with  ftaticks  and  the  nature  of  the  center  of  gravi¬ 
ty,  however  I  will  here  produce  it,  that  thofe  who 
can,  may  underftand  it,  and  that  others,  taking  now 
for  true  what  I  ffiall  affume  as  demonftrated  by  the 
writers  of  mechanicks,  may  afterwards  be  fully  fa¬ 
ds  fied  of  it,  when  they  come  to  underftand  the  theo¬ 
rem  it  is  grounded  upon  *,  which  is,  that  if  every  in¬ 
definitely  fmall  part  of  any  furface,  or  number  of 
furfaces,  be  multiplied  refpe<ftively  into  its  perpen¬ 
dicular  diftance  from  any  propofed  plane,  the  fum 
of  thofe  products  will  be  equal  to  the  product  of 
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the  whole  furface  or  number  of  furfaces  multiplied 
into  the  perpendicular  diftance  of  the  center  of  gra¬ 
vity  of  the  ftngle  furface,  or  of  the  common  center 
of  gravity  of  the  whole  number  of  furfaces,  from 
the  fame  plane,  (b) 

Now  taking  the  upper  furface  of  water  for  that 
plane  to  which  we  refer  the  indefinitely  fmall  parts 


(b)  In  Fig.  22,  let  any  number  of  quantities  a,  b,  c,  d,  repre- 
fent  as  many  weights,  hanging  at  their  centers  of  gravity  a ,  b ,  c,  d, 
by  the  lines  ao,bo,  c  o,  do,  fixed  to  any  horizontal  plane  o,  o,o,o; 
and  let  z  be  the  common  center  of  gravity  of  all  the  weights,  and 
x  o  its  perpendicular  diftance  from  that  plane  ;  I  fay  that  a  x  a  a 
•-p  b  x  b  o  -p  c  x  c  o  *~p  d  x  ao  —  a  -p  b  -p  c  +  d  x  zo. 

For  let  the  common  center  of  gravity  of  the  weights  a ,  b  be  the 
point  x3  and  to  the  line  x  o  drawn  parallel  to  the  reft,  let  a  m  and 
bn  be  perpendiculars.  Then  by  the  limilar  triangles  mxa ,  nxbf 
we  have  mx  :  nx  : :  ( x  a  :  x  b  ::)  b  :  a  by  the  known  property 

of  a  center  of  gravity.  Hence  a  x  nix  b  x  nx,  or  a*  mo  —  xo 
zzz  b  x  x  o  — *  no ,  or,  a  x  mo  —  axxozzzbxxo  — -  bn  no , 
whence  ax  mo  Ay  b  x  no  ~a  ~p  b  x  xo;  which  was  to  be  prov¬ 
ed  in  the  fimpleft  cafe  of  the  propofition. 

Now  let  a  weight  w  =  a  -p  b  be  fufpended  by  a  line  x  o  in  the 
common  center  of  gravity  of  a  and  b>  and  likewife  a  weight 
y  2^  x  dr  c  in  the  common  center  of  gravity  of  .r  and  <r,  and  alfo 
a  weight  &  ~y  ~p  d  in  the  common  center  of  gravity  ofy  and  d. 
Then  is  z  the  common  center  of  gravity  of  all  the  weight  a ,  b ,  c,  d> 
firft  propofed. 

Confequently  by  what  has  been  proved  in  the  firft  cafe,  we  have 
axao~\-bxbozzz  x*  xOy  and  likewife  #  x  x  o  -p  c  x  c  o 

*  yoy  and  likewife  y  x y  o  -p  d  x  do  z  x  zo  j  confequently 
a  x  a  o  -p  b  x  bo  Ay  c  x  coy=z  y  x  yo3  and  likewife  a  x  ao  Ay  b 

*  h  o  c  x  co  -p  d  x  do  zzz  (z  x  zo  ~)  a  b  c  ^  d  x  zo3 
which  was  to  be  proved. 

Hence  if  a  furface  or  number  of  furfaces  of  any  kind  be  confi- 
dered  as  equally  ponderous  in  every  equal  part,  and  as  divided 
into  indefinitely  fmall  parts,  fufpended  by  lines,  drawn  from  their 
centers,  perpendicular  to  any  horizontal  plane ;  it  is  manifeft  that, 
if  every  part  be  multiplied  refpe&ively  into  its  perpendicular  line, 
the  fum  of  the  products  will  be  equal  to  the  product  of  the  whole 
furface  multiplied  into  the  perpendicular  diftance  of  its  center  of 
gravity  from  the  faid  plane  :  and  that  this  equality  of  the  products 
will  fubfift  even  if  the  faid  lines  be  perpendicular  to  any  plane, 
though  not  parallel  to  the  horizon. 
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of  the  furface  which  is  expofed  to  the  prefiure  we 
are  concerned  with,  fince  it  has  been  already  fhewn, 
that  the  prefture  upon  the  whole  is  equivalent  to  the 
weight  of  a  body  of  water  which  is  equal  in  magni¬ 
tude  to  the  fum  of  all  the  products,  made  by  mul¬ 
tiplying  every  little  part  by  its  di  ft  ante  from  fhe 
upper  plane  of  the  water  j  and  this  fum  of  produds, 
by  the  ftatical  theorem  1  have  been  mentioning,  is 
exadly  equal  to  the  produbl  of  the  whole  furface  of 
number  of  furfaces  multiplied  into  the  diftance  of 
the  center  of  gravity  from  the  upper  plane  of  the 
water  it  will  folio#,  that  the  fame  produd  is  the 
meafure  of  a  magnitude  of  water  whofe  weight  is  e- 
quivalent  to  the  prefture  required.  The  fame  rule 
may  be  demonftrated  by  feveral  other  methods,  but; 

1  have  pitched  upon  this  as  the  fkteft  for  my  pur- 
pofe. 

Another  thing  which Stevinus  pfopofes  to  himfelf* 
is  to  determine  the  center  of  prefture  upon  any  plane* 
Before  we  can  difcourfe  any  farther  about  this  we 
muft  declare  what  is  meant  by  that  Center.  It  is 
then  the  point  to  which  if  the  total  prefture  were  ap¬ 
plied*  its  effed  upon  the  plane  would  be  the  fame 
as  when  it  was  diftributed  unequally  over  the  whole 
after  the  manner  before  defcribed ;  or  we  may  fay  it 
is  that  point  in  which  the  whole  prefiure  may  be  con¬ 
ceived  to  be  united  •,  or  it  is  that  point  to  Which  if 
a  force  were  applied,  equal  to  the  total  prefture  but 
With  a  contrary  direction,  it  would  exadly  bal'lance 
or  reftrain  the  effect  of  the  prefture*  Thus  if  abed 
in  Fig.  23,  be  a  veffel  of  Water  and  the  fide  a c  be 
prefted  upon  with  a  force  equivalent  to  twenty 
pounds  of  water,  this  force  we  have  feen  is  unequal¬ 
ly  diftributed  over  a  c  *  for  the  parts  hear  a  being  at 

2  lefifer  depth,  are  lefs  prefted  upon  than  the  parts 
near  c  Which  are  at  a  greater  depth,  and  therefore 
the  efforts  of  all  the  particular  pteftiires  are  united 
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in  Tome  point  z,  which  is  nearer  to  c  than  to  a ,  and 
that  point  z  is  what  may  be  called  the  center  of 
preffure  :  if  to  that  point  a  force  equivalent  to  twen¬ 
ty  pound  weight  be  applied,  it  will  affedt  the  plane 
a  c  in  the  fame  manner  as  before  by  the  prelfure  of 
the  water  diftributed  unequally  over  the  whole.  And 
if  to  the  fime  point  we  apply  the  fame  force  with  a 
contrary  direction  to  that  of  the  prelfure  of  the  wa¬ 
ter,  the  force  and  prelfure  will  ballance  each  other, 
and  by  contrary  endeavours  deftroy  each  others  ef¬ 
fects.  Suppofe  at  z  a  cord  zpw  were  fixed,  which 
palfing  over  the  pulley  p,  has  a  weight  w  of  twenty 
pounds  annexed  to  it,  and  that  the  part  of  the  cord 
zp  were  perpendicular  to  a  c  ;  the  effort  of  the  weight 
wis  equal,  and  its  direction  contrary  to  that  of  the 
prelfure  of  the  water.  Nov/  if  z  be  the  center  of  pref¬ 
fure  thefe  two  powers  will  be  in  equilibrio,  and  mu¬ 
tually  defeat  each  others  endeavours. 

It  may  be  worth  while  to  be  acquainted  with  a 
rule  for  finding  that  center  in  all  cafes.  We  cannot 
have  much  help  from  Stevinus  in  this  bulinefs ;  he 
undertakes  only  a  few  particulars  and  thofe  which 
are  the  eafieit,  fuppofing  that  his  reader  will  apply 
the  like  method  to  other  circumltances  *,  but  they 
who  fhall  endeavour  to  make  luch  an  application, 
will  in  moll  cafes  find  it  more  difficult  than  they 
might  poffibly  expedt.  I  have  for  that  reafon  devifed 
this  general  rule  which  follows. 

If  any  plane  which  happens  to  be  propofed  be 
produced  till  it  interfedls  the  upper  furface  of  the 
water  produced,  if  need  be,  and  the  line  which  is 
the  common  fedtion  of  the  two  planes,  be  made  an 
axis  of  fufpenfion  ;  the  center  of  ofcillation  or  per- 
cuffion  of  the  plane,  as  it  is  fuppofed  to  revolve  a- 
bout  that  axis,  will  be  the  center  of  prelfure  re¬ 
quired.  Thus  if  a  c  in  Fig.  24,  reprefents  the  plane 
propofed,  let  it  be  produced  till  it  cuts  the  plane 
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gh  in  d9  now  if  d  be  made  the  axis  of  fufpenfion  of 
the  plane  ac ,  the  center  of  percuffion  of  the  plane 
ac  revolving  about  J,  will  be  alfo  the  center  of  prefi 
lure  upon  the  fame  plane. 

For  if  the  percuflive  forces  of  every  point  of  ac 
be  as  the  preffures  exercifed  upon  thofe  points,  then 
the  center  of  percuffion  muft  needs  be  the  fame  with 
the  center  of  preffure  ;  and  that  the  force  of  percuff 
lion  is  every  where  as  the  preffure  of  the  water 
may  thus  be  proved.  The  percuflive  force  of  any 
point,  fuppofe  b ,  is  as  the  velocity  of  that  point,  and 
the  velocity  is  as  the  diftance  b d  of  the  point  from 
the  axis  of  motion ,  fo  the  percuflive  force  of  a  is  as 
ad9  of  c  as  c  d  ;  fmce  then  the  percuflive  forces  of 
a,  b ,  c  are  as  the  lines  d  a ,  db ,  dc ,  and  thefe  lines  are 
as  the  lines  ea,  fb,  gc,  perpendicular  to  the  furface 
of  the  water,  and  thefe  laffc  lines  are  as  the  preffures 
upon  a,  b  and  r,  it  follows  that  the  percuflive  forces, 
taking  the  interfedion  d  for  the  axis  of  fufpenfion  or 
motion,  are  refpedively  as  the  preffures  upon  the 
fame  points ;  therefore  the  center  of  percuflion  or  of 
dilation  is  the  fame  with  the  center  of  preffure. 

The  geometers  of  the  laft  age  have  profecuted  the 
problem  of  finding  the  center  of  ofcillation  very  di¬ 
ligently,  being  excited  thereto  chiefly  by  the  noble 
invention  of  pendulum  clocks ;  the  rules  they  have 
laid  down  for  that  purpofe  are  eafy  enough,  and  the 
applications  they  have  adiually  made  of  thofe  rules 
are  not  a  few.  Having  therefore  fhewn  how  the  cen¬ 
ter  of  ofcillation  may  be  made  life  of  for  determin¬ 
ing  the  center  of  preffure,  I  prefume  I  have  by  this 
time  fufficiently  cleared  up  what  I  propofed  ;  but  for 
further  illuftration  I  will  add  a  couple  of  examples. 

Let  it  be  required  to  find  the  preffure  which  a 
diver  fuftains  when  the  center  of  gravity  of  t  he  fur- 
face  of  his  body  is  32  feet  under  water.  The  furface 
of  a  middle  fized  human  body  is  about  10  fquare 
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feet.  Multiply  then  32,  the  depth  of  the  center  um 
der  water,  by  10  the  furface  of  the  body,  and  the 
produel,  or  32  times  10  folid  feet,  will  be  a  magni¬ 
tude  of  water  whofe  weight  is  equivalent  to  thepreff 
fare  which  the  diver  fuftains,  by  the  rule  before  laid 
down.  A  cubicle  foot  of  water  has  been  found  by 
experiment  to  weigh  1000  averdupois  ounces,  there¬ 
fore  32  times  10  feet,  or  16  times  20  feet  of  water, 
will  weigh  16  times  20000  averdupois  ounces  or 
20000  averdupois  pounds.  This  therefore  is  the  preff 
fure  of  the  water  to  which  a  diver  at  32  feet  depth  is 
expo  fed. 

Again  in  Fig.  25,  let  the  right  angled  parallelo¬ 
gram  abed  be  a  wall,  dam,  or  pen  of  timber  per¬ 
pendicular  to  the  horizon,  made  to  keep  in  a  pond 
of  water,  whofe  upper  furface  reaches  to  ah-,  \ttab 
be  20  feet,  and  ac  12.  Let  k  be  the  center  of  gra¬ 
vity  of  the  plane ;  the  depth  of  that  center  k  will  be 
equal  to  half  gh  or  half  a  c,  that  is  6  feet.  The  area 
of  the  plane  is  found  by  multiplying  a  c  by  a  b  or 
12  by  20,  it  is  therefore  240  fquare  feet  *,  multiply, 
according  to  the  rule,  the  area  240  by  gk  which  is  6, 
and  the  product  will  be  1440  cubick  feet  of  water, 
which  weighs  fo  many  thoufand  ounces,  that  is  90000 
pounds ,  and  that  is  the  preffure  which  the  dam  abed 
fuftains. 

To  find  the  center  of  that  preffure  we  muff  make 
the  line  ah,  which  is  the  common  feeffion  of  the  dam 
and  the  upper  furface  of  the  water,  the  axis  of  fuff 
penfion  of  the  plane  abed-,  now  it  appears  by  the 
difeovery  of  Huygens ,  JVallis  and  other  geometers 
that  z,  the  center  of  ofcillation  of  this  plane  fo  fuf- 
pended,  will  be  in  the  line  which  bifedts  this  plane 
and  is  parallel  to  a  c  or  bd ,  and  that  the  line  gz  will 
be  two  thirds  of  gh,  that  is  8  feet  *,  and  the  fame 
point  z  fo  determined  is,  as  was  proved  before,  the 
center  of  preffure  required. 
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LECTURE  IV. 

Of  the  finking  and  floating  of  bodies  immerfed  in  fluids , 
their  relative  gravities  and  levities ,  jituations 

and  pofitions :  the  phenomena  of  glafs  bubbles  account¬ 
ed  for , 

We  are  now  to  make  our  enquiries  concerning 
the  (inking  and  floating  of  bodies  immerfed 
in  fluids  *,  their  relative  gravities,  their  levities,  their 
fituations  and  pofitions.  This  is  the  fubjeef  of  Ar¬ 
chimedes's  two  books  de  Infidentibus  Humido ,  of 
which  the  Latin  tranflation  is  yet  extant,  though  the 
original  in  Greek  be  loft.  I  will  therefore  give  you 
the  fubftance  of  his  dodtrine  with  fome  additions. 
But  becaufe  the  lafl  proportions  of  his  fir  ft  book 
demonftrate  to  us  the  poftures  in  which  a  floating 
portion  of  a  fphere  will  compofe  itfelf,  and  the 
whole  fecond  book  except  the  fir  ft  propofirion  of  it, 
is  entirely  taken  up  in  determining  the  like  for  the 
parabolick  conoeid  ( which  is  a  folid  formed  by  the 
revolution  of  a  parabola  about  its  axis)  I  will  con¬ 
tent  myfelf  to  make  out  and  demonftrate  to  you  the 
foundation  upon  which  thofe  theorems  of  his  are 
g-ounded,  palling  by  the  application  of  it  to  particu¬ 
lar  folids,  as  being  a  matter  that  belongs  more  pro¬ 
perly  to  geometry  than  to  hydroftaticks. 

We  have  already  feen  that  fluids  prefs  upon  bodies 
to  which  they  are  contiguous  every  way,  and  on  all 
Tides,  but  the  preffure  upon  each  part  is  not  the  fame  *, 
the  altitude  of  the  fluid  is  every  where  the  meafure  of 
its  force  ^  and  the  leveral  parts  of  the  fame  body  be¬ 
ing  at  different  depths,  muff  needs  be  differently  af¬ 
fected.  W e  ought  therefore  to  confider  which  of  all 
thefe  impreflions  will  prevail.  Now  it  is  evident  that 
the  lateral  preffures  do  all  ballance  each  other,  being 
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equal,  as  arifing  from  equal  altitudes  of  the  fluid,  and 
oppofite  in  their  directions ;  fo  that  from  thefe  the 
body  is  no  ways  determined  to  any  motion.  But  thofe 
parts  of  the  fluid  which  are  contiguous  to  the  under 
furface  have  a  greater  altitude,  and  therefore  a  great- 
er  force  than  the  others  which  are  contiguous  to  the 
upper  ;  therefore  the  body  muff  of  necefiity  be  more 
violently  elevated  by  the  former  than  deprefled  by 
the  latter,  and  would  therefore  afcend  by  the  excefs 
of  force  were  it  devoid  of  gravity.  Now  it  is  eafy  to 
underftand,  that  this  excefs  of  force  is  equivalent  to 
the  weight  of  fo  much  of  the  fluid  as  is  equal  in  mag¬ 
nitude  to  the  bulk  of  the  body,  being  the  difference 
In  weight  of  two  columns  of  the  fluid,  whereof  one 
reaches  to  the  upper,  the  other  to  the  under  furface 
of  the  body.— 

It  has  been  objected  by  fome  againfl:  the  gravita¬ 
tion  of  fluids  in  propria  loco ,  that  bodies  immerfed 
w7buld  of  confequence  be  violently  detruded  to  the 
bottom,  whereas  we  fee  in  fact  that  the  contrary  is 
true ;  fome  which  are  fpecifically  lighter  than  the 
fluid  being  even  buoyed  up  by  it.  Thofe  who  make 
this  objection  ought  at  the  fame  time  to  have  confi- 
dered,  that  as  the  upper  parts  of  the  body  are  de~ 
preffed,  fo  are  the  under  more  powerfully  elevated, 
and  therefore  that  fetting  afide  the  conflderation  of 
the  body's  own  weight,  it  ought  always  to  afcend  1 
but  taking  in  that  conflderation  let  us  now  fee  what 
the  event  will  be  j  and  this  may  be  eafily  determined. 
For  finceall  bodies  endeavour  to  defcend  by  the  force 
of  their  own  weight,  and  to  afcend  by  the  weight  of 
an  equal  bulk  of  the  fluid  in  which  they  are  immerfed. 
It  muff:  of  neceflity  come  to  pafs,  that  if  the  weight 
of  the  body  be  greater  than  the  weight  of  an  equal 
bulk  of  the  fluid,  it  will  defcend  with  a  force  that  is 
equal  to  the  difference  of  thofe  two  weights  *,  if  the 
Weight  of  the  body  belefs  than  the  weight  of  an  equal 
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bulk  of  the  fluid,  the  weight  of  the  fluid  mufl  pre¬ 
vail,  and  carry  it  upwards  with  a  force  that  is  equal 
alfo  to  the  difference  of  the  two  weights ;  and  this  is 
the  caufe  of  the  defcent  or  afcent  or  bodies,  as  they 
are  fpecifically  heavier  or  lighter  than  the  fluid  in 
which  they  are  immerfed. 

The  fame  thing  is  often  made  out  by  another  me¬ 
thod  which  is  fomewhat  different  from  this  which  we 
have  made  ufe  of.  We  are  to  fuppofe,  in  what 
place  foever  within  the  fluid  the  body  is  conceived  to 
be,  that  there  paflfes  by  it  an  imaginary  plane  touch¬ 
ing  its  under  furface  and  parallel  to  the  horizon. 
Nowit  has  been  made  manifeft  that  this  fluid  cannot 
compofe  itfelf  and  be  at  reft  till  every  equal  part  of 
this  plane  fuftains  an  equal  prefiure  ;  if  then  the  bod  y 
be  of  an  equal  gravity  with  fo  much  of  the  fluid  as  is 
equal  to  it  in  bulk,  and  whofe  place  it  takes  up,  the 
part  of  the  imaginary  plane,  which  is  diredlly  under 
the  body  w  ill  be  equally  affecfted  by  the  preffure  of  the 
fluidand  body  together,  which  are  fuperiorto  it,  with 
theotherequal  partsof  the  fameplane,  w'hicharepref- 
fed  upon  by  the  fluid  alone ;  therefore  there  can  be 
no  reafon  affigned  why  the  body  fliould  give  way  ei¬ 
ther  by  afcending  or  defcending,  but  it  ought  to 
maintain  the  placegiven  it.  If the  body  beheavierthan 
fo  much  of  the  fluid  as  is  equal  to  it  in  bulk,  this  part 
of  the  imaginary  plane  which  is  diredlly  under  it,  will 
be  prefled  with  a  greater  weight  than  the  other  equal 
parts  of  the  fame  plane,  by  the  excefs  of  the  body’s 
weight,  above  the  weight  of  an  equal  bulk  of  the 
fluid  •,  that  part  muft  therefore  yield,  and  the  body 
mu  ft  defcend  with  a  force  equal  to  that  excefs.  By  a 
a  like  way  of  reafoning  we  may  colledl,  that  it  the 
body  be  lighter  than  an  equal  bulk  of  the  fluid,  it 
will  be  buoyed  up  by  that  part  of  the  plane  which 
is  under  it,  with  a  force  equivalent  to  the  difference 
in  weight  of  that  equal  bulk  of  the  fluid  and  the  bo- 
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dy ;  and  upon  the  fame  account  it  muft  continue  to 
afcend  till  every  part  of  this  imaginary  plain,  which 
is  conceived  to  follow  it,  always  touching  its  under 
furface,  be  equally  prefled  upon  ;  that  is,  till  the 
body  be  fo  far  extant  above  the  furface  of  the  fluid, 
that  the  weight  of  a  part  of  the  fluid  equal  in  bulk  to 
the  part  of  the  body  immerfed,  be  equal  in  gravity 
to  the  whole  body.  And  then  alfo  the  part  immerfed 
will  be  to  the  whole,  as  the  fpecifick  gravity  of  the 
body  is  to  the  fpecifick  gravity  of  tfie  fluid,  (a) 

(a)  The  author  ufed  to  confirm  thefe  conclufions  by  the  following 
experiments.  To  try  the  force  of  defcentof  a  folid,  he  ufed  a  fmall 
glafs  viol  ftopt  up,  having  fhot  enough  in  it  to  caufe  it  to  defcend 
in  water,  and  a  horfe-hair  tied  about  the  neck  of  it,  by  which  he 
fufpended  it  to  the  fcale  or  beam  of  a  ballance. 

To  find  the  weight  of  a  bulk  of  water  equal  to  this  bottle,  confl? 
dered  as  the  folid,  he  flrft  put  it  into  a  narrow  cylindrical  glafs  jar, 
and  poured  in  water  enough  to  cover  the  bottle  ;  then  taking  it 
out,  he  weighed  the  jar'  and  water  contained  ;  then  he  placed  the 
jar  upon  a  table,  and  having  immerfed  the  bottle  in  it,  he  placed  a 
hip  of  wet  paper  upon  the  outfide  of  the  jar,  fo  that  the  edge  of  the 
paper  might  appear  to  coincide  with  the  furface  of  the  water,  to 
his  eye  placed  in  that  furface  produced  jthen  taking  out  the  bottle  he 
poured  water  into  the  jar,  till  its  furface  rofe  up  to  the  edge  of  the 
paper  as  before.  This  water  then  was  equal  in  bulk  to  the  bottle, 
and  its  weight  he  found  by  replacing  the  jar  in  the  fcale,  and  add¬ 
ing  a  feparate  weight  to  the  former,  fuflicient  to  counterpoife  the 
additional  water. 

Place  this  counterpoife  in  one  fcale  and  the  bottle  in  the  other, 
and  the  weight  added  to  make  an  equilibrium,  will  be  the  excefs  of 
the  bottle’s  weight  above  the  weight  of  a  bulk  of  water  equal  to  it. 

Then  fufpending  the  bottle  in  water,  by  the  hair,  to  the  arm  or 
fcale  of  the  ballance,  from  the  oppoiite  fcale  take  out  the  weight  of 
the  equal  bulk  of  water,  and  the  remaining  excefs,  found  above, 
will  juft  ballance  the  force  of  the  bottle’s  defcent,  by  keeping  the 
fcales  in  equilibrio. 

The  force  of  afcent  of  a  thin  glafs  bubble,  or  any  folid  lighter 
than  the  fluid,  may  be  tried  by  an  inverted  ballance,  placed  at  the 
bottom  of  a  large  veflel  full  of  water  as  reprefented  in  Fig.  26. 

For  having  found  the  weight  of  a  quantity  of  water  equal  in 
bulk  to  the  bubble  (by  immerflng  it  wholly  in  the  water  of  the  cy¬ 
lindrical  glafs  abovementioned)  and  alfo  the  excefs  of  this  weight 
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If  two  fluids  which  will  not  eafily  mix  with  each 
other  be  contained  in  the  fame  veflel,  fo  that  the 
lighter  may  float  upon  the  heavier,  a  folid  body, 
which  is  heavier  then  the  lighter  of  the  two  fluids, 
and  lighter  than  the  heavier,  will  not  fuffer  itfelf  to 
be  totally  immerfed  in  either  of  them.  If  it  be  placed 
wholly  within  the  heavier  it  will  afcend,  if  it  be  placed 
wholly  within  . the  lighter  it  will  defcend  for  the  rea- 
fons  before  given*,  and  will  never  reft  in  any  place 
till  it  be  fo  difpofed,  partly  within  one  and  partly 
within  the  other,  that  the  weight  of  fo  much  of  both 
fluids,  whofe  place  it  poflfefles,  be  equal  to  the  weight 
of  it. 

If  any  one  will  from  hence  compute  what  propor¬ 
tion  the  parts  contained  within  each  fluid  bear  to 
each  other,  or  in  what  proportion  the  common  fur- 
faceof  both  fluids  divides  the  whole  folid,  he  will  find, 
that  the  part  contained  within  the  heavier,  mud  be 
to  the  part  contained  within  the  lighter,  as  the  dif¬ 
ference  in  weight  of  the  folid  and  an  equal  bulk  of 
the  lighter,  is  to  the  difference  in  weight  of  the  folid 
and  an  equal  bulk  of  the  heavier:  and  that  the  part 
immerfed  in  the  heavier,  is  to  the  whole,  as  the  dif¬ 
ference  in  weight  of  the  folid  and  an  equal  bulk  of 

above  that  of  the  bubble  itfelf,  as  before ;  hang  the  folid  by  an 
horfe-hair-loop  to  an  arm  of  the  inverted  ballance,  and  conned:  the 
oppofite  arm  to  that  of  a  common  ballance  by  another  horfe-hair; 
then  that  excefs  of  weight,  placed  in  the  oppofite  fcale,  will  bai- 
lance  the  force  of  the  bubble’s  afeent,  by  keeping  the  feales  in  equi- 
librio. 

To  (hew  that  a  quantity  of  a  fluid  equal  in  bulk  to  the  part  im¬ 
merfed  of  a  floating  folid,  is  equal  in  weight  to  that  of  the  whole 
folid,  weigh  a  larger  glafs  jar  partly  filled  with  water,  and  having 
taken  it  from  the  fcale,  let  a  fmaller  jar  float  upon  the  water  and 
mark  its  altitude  with  a  wet  paper,  as  before;  then  having  taken 
put  the  leiTer  jar  and  filled  the  larger  with  water  up  to  the  mark, 
replace  the  larger  in  the  fcale,  and  the  lefler  jar  being  put  to  the 
former  weights  in  the  oppofite  fcale,  will  produce  an  equilibrium. 
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the  lighter,  is  to  the  difference  in  weight  of  an  equal 
bulk  of  the  heavier  and  the  fame  equal  bulk  of  the 
lighter,  (b) 

Hence  if  we  would  be  fo  fcrupuloufly  exadt  we 
may  eafily  correct  that  fmall  error  in  the  rule  of  Ar¬ 
chimedes  which  was  before  delivered  for  floating  bo¬ 
dies  ;  namely,  that  the  part  immerfed  was  always  to 
the  whole,  as  the  gravity  of  the  folid  is  to  the  gra¬ 
vity  of  the  fluid.  For  fince  the  air  is  an  heavy  fluid, 
though  it  be  the  leaf:  heavy  of  all  others,  yet  by  rett¬ 
ing  upon  the  upper  furface  it  has  this  effedt,  that  in 
reality  it  will  not  permit  a  folid  to  be  altogether  fo 
deeply  immerfed  as  it  would  otherwife  be  if  the  air 
were  removed,  which  the  rule  fuppofes.  Allowing 
then  for  the  air’s  prefence  we  may  thus  exprefs  the 
proportion :  That  the  part  immerfed  is  to  the  whole, 
as  the  difference  in  weight  of  the  folid  and  an  equal 
bulk  of  air,  is  to  the  difference  in  weight  of  an  equal 
bulk  of  the  fluid  and  the  fame  equal  bulk  of  air. 
Whoever  will  compare  thefe  two  rules  together, 
will  find  that  their  difference  is  altogether  inconfi- 
derable  :  we  may  therefore  ftill  very  fecurely  make 
ufe  of  the  old  one  without  any  further  fcruple. 

The  fum  of  what  has  been  faid  comes  to  this,  that 
if  a  folid  be  heavier  bulk  for  bulk  than  the  fluid  in 
which  it  is  immerfed,  it  will  fink  till  it  arrives  at 
the  bottom,  and  the  force  of  its  defcent  will  be  equi- 

( b)  Let  the  parts  of  the  folid  contained  within  the  heavier  and 
the  lighter  fluid  be  A  and  B,  in  Fig.  27,  and  the  fpecifick  gravi¬ 
ties  of  the  refpe&ive  fluids  as  a  and  b  ;  then  fince  the  abfolute  gra¬ 
vity  or  weight  of  any  body  is  compounded  of  its  magnitude  and 
fpecifick  gravity,  the  weight  of  a  quantity  of  the  heavier  fluid  e- 
qual  in  magnitude  to  the  part  A ,  is  a  A ,  and  the  weight  of  a  quan¬ 
tity  of  the  lighter  fluid,  equal  in  magnitude  to  the  part  B ,  is  b  Bt 
and  the  fum  of  their  weights  is  aA-\-bBz=zcxA-\-B  fuppofing 
c  is  as  the  fpecifick  gravity  of  the  folid  A  -\-  B.  Hence  a  A  —  c  A 
=  c  B  —  bB ,  and  confequently  A  :  B : :  c  —  b  :  a  —  c ;  and  con¬ 
jointly  A :  A B  c  —■  b  :  a  —  b. 
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valent  to  the  difference  of  its  weight  and  the  weight 
of  an  equal  magnitude  of  the  fluid.  If  it  be  lighter 
than  the  fluid  in  which  it  is  immerfed,  it  will  con- 
Handy  afcend  till  it  be  fo  far  extant  above  the  fur- 
face  of  the  fluid,  that  its  whole  weight  be  equal  to 
the  weight  of  that  part  of  the  fluid  whole  place  it 
takes  up  ;  and  the  force  with  which  it  afcends  will 
be  equivalent  to  the  difference  of  its  weight  and  the 
weight  of  an  equal  magnitude  of  the  fluid.  If  it  be 
immerfed  in  either  of  two  fluids  differently  heavyj 
which  are  contiguous,  and  it  be  of  a  middle  gravi¬ 
ty  between  both  the  fluids,  it  will  move  towards 
their  common  furface,  and  reft  in  fuch  a  pofition  that 
the  parts  of  both  fluids  whofe  place  it  takes  up  have 
an  equal  gravity  with  the  folid  itfelf.  If  a  body  be 
of  equal  gravity  with  the  fluid  in  which  it  is  im¬ 
merfed,  it  will  retain  any  pofition  which  is  given 
it :  and  this  is  the  reafon  why  a  bucket  in  a  well  is 
without  difficulty  drawn  up  as  long  as  it  is  under 
water,  and  that  we  perceive  not  its  weight  till  it 
begins  to  get  above  the  furface :  by  the  fame  reafon 
a  bucket  full  of  wax,  which  is  nearly  of  the  fame 
gravity  with  water,  would  not  be  difficult  to  draw 
up  whilft  under  water  *,  now  they  cannot  eafily  an- 
fwer  that  wax  is  in  its  own  element,  and  does  not 
therefore  gravitate. 

All  bodies  do  actually  retain  their  whole  gravity 
when  immerfed  in  a  fluid,  but  that  is  rendered  in¬ 
effectual  by  the  contrary  preffure  of  the  fluid,  forne- 
times  in  part  and  fometimes  altogether,  according 
as  that  gravity  of  theirs  is  greater,  equal,  or  lefs 
than  the  gravity  of  an  equal  bulk  of  the  fluid,  which 
is  the  meafure  of  the  force  which  refills  their  de- 
fcent.  W e  may  fay  that  the  gravity  of  bodies  with¬ 
in  fluids  is  of  two  forts,  whereof  one  is  abfolute  and 
true  gravity,  the  other  apparent  and  relative.  The 
abfolute  gravity  is  the  whole  force  with  which  the 

body 
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body  tends  downwards,  the  relative  and  vulgar  is 
only  the  excefs  of  gravity  by  which  a  body  has  a 
greater  tendency  downwards  than  the  ambient  fluid. 
The  parts  of  fluids  and  all  other  bodies  do  gravi¬ 
tate  in  proprio  loco ,  taking  gravity  in  the  firfl;  fenfe  * 
according  to  the  latter  fenfe  and  acceptation  of  gra¬ 
vity  bodies  do  not  gravitate  in  proprio  loco>  that  is, 
being  compared  together  they  do  not  preponderate, 
but  hindering  each  others  endeavours  to  defcend  they 
keep  their  places  as  if  they  were  devoid  of  gravity* 
Thus  in  water,  bodies  which  by  their  gravity,  great¬ 
er  or  lefler,  do  afcend  or  defcend,  may  relatively  and 
apparently  be  faid  to  gravitate  or  levitate,  and  their 
relative  gravity  or  levity  is  the  excefs  or  defedl:  by 
which  their  true  gravity  does  either  exceed  the  gra¬ 
vity  of  water,  or  fall  jfhort  of  it.  But  if  they  neither 
defcend  by  preponderating,  nor  afcend  by  yielding 
to  the  preponderating  water,  though  they  do  by  their 
real  and  abfolute  weights  increafe  the  weight  of  the 
whole,  yet  relatively  and  in  the  fenfe  of  the  vulgar 
they  do  not  gravitate  in  the  water. 

We  may  aifo  in  this  place  take  notice  of  an  ob¬ 
jection  which  is  fometimes  made  life  of  againft  the 
gravitation  of  fluids  in  proprio  loco.  They  tells  us, 
if  fluids  gravitate  in  proprio  loco,  that  then  a  body  as 
it  happens  to  be  immerfed  at  different  depths  would 
have  a  different  weight,  according  as  it  is  prefled 
upon  by  different  altitudes  of  the  fame  fluid,  which 
does  not  appear  in  fact.  We  may  anfwer  that  it  has 
and  ought  to  have  the  fame  relative  weight,  though 
it  be  prefled  upon  by  different  altitudes  at  different 
depths.  For  its  abfolute  weight  does  every  where 
continue  the  fame,  and  the  relative  weight  is  the  ex¬ 
cefs  of  that  abfolute  weight  above  an  equal  bulk  of 
the  fluid.  Therefore  if  the  weight  of  that  equal  bulk 
of  the  fluid  be  at  all  depths  the  fame,  as  it  certainly 
is  in  fluids  which  are  not  compreflible,  that  excefs 

and 
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and  therefore  the  relative  weight,  will  every  where 
be  the  fame  alfo. 

If  the  fluid  be  compreflible,  as  air  is,  and  the  lower 
parts  be  condenfed  by  the  weight  of  the  upper,  then 
indeed  the  relative  weight  of  a  body  in  the  air  at  the 
bottom  of  a  valley,  will  be  lefs  than  its  relative 
weight  at  the  top  of  a  mountain  *,  an  equal  bulk  of 
air  weighing  more  in  the  valley  than  upon  the  moun¬ 
tain,  and  confequently  taking  more  from  the  real 
and  abfolute  weight  of  the  body  in  the  former  cafe 
than  in  the  latter.  For  the  fame  reafon  if  a  body 
be  weighed  in  frefh  water,  and  fea  water,  its  weight 
will  be  lefs  in  the  latter  than  the  former,  becaufe 
the  excefs  of  its  real  and  abfolute  weight  above  the 
weight  of  an  equal  bulk  of  fea  water,  is  lefs  than  the 
like  excefs  above  an  equal  bulk  of  frefh  water;  fea 
water  being  about  a  thirtieth  or  fortieth  part  heavier 
than  frefh.  Upon  this  account  alfo  if  two  bodies  of 
different  fpecifick  gravities  be  equiponderant  and 
confequently  of  different  magnitudes,  fuppofe  the 
one  be  of  copper  and  the  other  of  lead,  and  the  bulk 
of  the  copper  be  greater  than  the  bulk  of  the  lead, 
as  it  muff  be  to  be  of  the  fame  weight,  putting  the 
two  metals  in  oppofite  fcales  of  a  ballance,  we  fhall 
find  them  to  reft  in  equilibrio  ;  but  if  we  place  the 
ballance  under  water,  they  will  be  no  longer  in  e- 
quilibrio,  and  the  lead  will  preponderate.  For  the 
abfolute  weight  of  each  being  diminifhed  by  the 
weight  of  a  bulk  of  water  equal  to  itfelf,  the  weight 
of  the  copper  will  be  more  diminifhed  than  the 
weight  of  the  lead.  Thus  if  two  bodies  of  different 
fpecifick  gravities  be  brought  to  a  moft  perfed  e- 
quilibrium  when  the  air  is  at  lighted:,  they  will  no 
longer  remain  fo  when  the  air  changes  and  becomes 
heavier ;  and  this  is  the  foundation  of  the  ftatical 
barofcope  defcribed  by  Mr,  Boyle  in  the  Philofophi- 
cal  Tranfadions. 


The 
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The  phenomena  of  glafs  bubbles  and  images, 
which  are  fitted  feveral  ways  to  afcend  and  defcend 
in  fluids,  have  been  very  much  celebrated  by  the 
philofophersof  the  laft  age.  The  whole  myftery  de¬ 
pends  upon  this,  that  by  a  greater  or  lefler  prefiiire 
on  the  bladder  at  the  end  of  the  vefiel,  Fig.  28,  or 
by  heat  and  cold,  there  is  an  alteration  made  of  their 
weight,  and  by  this  alteration  of  their  weight  they 
become  fometimes  heavier  fometimes  lighter  than 
that  part  of  the  fluid  whofe  place  they  poflefs,  and 
do  therefore,  for  the  reafons  which  have  been  lately 
mentioned,  fometimes  afcend  fometimes  defcend  with 
a  pleafing  variety.  Thefe  bubbles  confift  ufually  of 
three  different  materials  *,  of  glafs  which  is  heavier  in 
fpecie  than  the  fluid,  of  air  which  is  lighter  in  Jpecie 
than  the  fluid,  and  of  the  fluid  itfelf.  As  long  then 
as  that  aggregate  of  bodies  is  lighter  than  an  equal 
bulk  of  the  fluid,  it  will  float,  but  if  it  grows  heavier 
than  fo  much  of  the  fluid,  it  muff  neceflarily  fink. 
Now  when  there  is  any  competent  prefiiire,  whether 
produced  by  weight  or  otherwife,  upon  the  water  in 
which  the  bubble  is  commonly  immerfed,  becaufe 
the  glafs  is  a  firm  body  and  the  water  though  a  fluid 
fuflers  no  compreflion,  the  air  included  in  the  bub¬ 
ble,  being  a  fpringy  and  very  comprefiible  body, 
will  be  compelled  to  flirink,  and  thereby  pofiefiing 
lefs  room  than  it  did  before,  the  contiguous  water 
will  enter  the  neck  of  the  bubble  and  fucceed  in  its 
place  ;  which  being  a  body  about  850  times  heavier 
than  air,  the  bubble  will  thereby  become  heavier 
than  an  equal  bulk  of  water,  and  will  confequently 
defcend  ;  but  if  the  force  or  prefiiire  be  removed,  the 
imprifoned  air  will  by  its  own  fpring  free  itfelf  from 
the  intruding  water,  and  the  aggregate  of  bodies  that 
make  up  the  bubble,  being  thereby  grown  lighter 
than  an  equal  bulk  of  water,  will  again  afcend.  The 
dilatation  and  contract  ion  of  the  included  air  is  there¬ 
fore 
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fore  the  caufe  of  thefe  changes ;  if  then  that  dilatation 
and  contraction  be  any  other  way  procured  than  by 
preflure  (as  it  may  proceed  from  heat  and  cold)  the 
event  will  be  the  fame.  And  this  may  fufftce  to  ac¬ 
count  for  the  phenomena  of  bubbles. 

I  promifed  in  the  beginning  of  this  difcourfe  to 
give  you  the  foundation  of  thofe  proportions  of  Ar¬ 
chimedes,  in  which  he  demonftrates  the  pofture  of 
floating  bodies  ;  it  may  thus  be  exprefled  ;  that  all 
floating  bodies  affeCt  fuch  a  pofture,  that  the  center 
of  gravity  of  the  part  immerfed,  be  fttuated  perpen¬ 
dicularly  under  the  center  of  gravity  of  the  part  ex¬ 
tant  :  the  body  will  otherwife  never  reft  andceafe  to 
fluctuate.  For  if  the  floating  body  be  imagined  to  be 
divided  into  two  parts  by  the  furface  of  the  fluid,  it 
will  be  eafy  to  conceive,  that  the  part  immerfed  en¬ 
deavours  to  afcend,  and  the  extant  part  to  defcend. 
with  equal  forces  •,  otherwife  the  body  would  be  ei¬ 
ther  more  or  lefs  immerfed.  Now  the  part  immerfed 
endeavours  to  afcend  by  the  perpendicular  palling 
through  its  center  of  gravity,  and  the  part  extant 
to  defcend  by  the  perpendicular  palling  through  its 
center  of  gravity  ;  therefore  unlels  thofe  perpendi¬ 
culars  do  coincide,  or  which  is  the  fame  thing,  unlefs 
the  center  of  the  part  immerfed  be  fituated  perpen¬ 
dicularly  under  the  center  of  the  part  extant,  there 
will  be  no  hindrance  of  thofe  endeavours,  but  a  mo¬ 
tion  will  be  produced,  and  for  the  fame  reafon  con¬ 
tinued  till  that  pofture  be  obtained  ;  and  in  that  po¬ 
fture  the  body  will  acquiefce,  the  endeavours  being 
then  equal  and  direCUy  contrary  to  each  other,  and 
thereby  reftraining  each  other. 
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LECTURE  V. 

The  hydroftatical  ballance  explained,  with  the  methods 
of  determining  the  fpecifick  gravities  of  all  forts  of  bo¬ 
dies  thereby. 

•s 

It  having  been  proved  that  bodies  afcend  or  de~ 
fcend  in  fluids  with  a  force  that  is  equal  to  the  diff 
ference  in  weight  of  the  body  immerfed  and  an  equal 
bulk  or  magnitude  of  the  fluid  itfelf,  we  are  hence 
furnifhed  with  a  very  accurate  and  eafy  way  of  find¬ 
ing  out  the  fpecifick  gravities  of  all  manner  of  bodies 
whether  fluid  or  confident,  and  of  comparing  them 
together.  Bodies  are  faid  to  be  fpecifically  or  in  fpe- 
cie  heavier  or  lighter  one  than  another,  when  being, 
equal  as  to  magnitude,  the  weight  of  the  one  does  ex¬ 
ceed  or  fall  fhort  of  the  weight  of  the  other.  Thus 
the  fpecifick  gravity  of  quickfilver  is  about  14  times 
greater  than  that  of  water *,  for  if  you  take  an  equal 
quantity  of  each  as  to  magnitude,  fuppofe  a  pint,  the 
the  pint  of  quickfilver  will  weigh  about  14  times  as 
much  as  the  pint  of  water, 

Several  methods  have  been  propofed  and  more 
may  be  ftill  invented  to  determine  in  what  propor¬ 
tion  bodies  differ  from  one  another  as  to  their  fpeci¬ 
fick  gravities*,  yet  after  all,  mod  men  have  with 
good  reafon  preferred  the  ufeof  the  hydroftatical  bal¬ 
lance  for  exadtnefs  and  convenience.  It  is  very  pro¬ 
bable  that  Archimedes  was  the  firft  that  ever  attempt¬ 
ed  this  bufinefs  with  any  fuccels,  in  order  to  difcover 
the  cheat  of  the  workman  that  had  debafed  king  Hi - 
m>’s  crown,  and  though  the  way  he  then  made  ufe 
of,  be  certainly  much  inferior  to  that  we  have  been 
fpeaking  of  by  the  hydroftatical  ballance  (as  may  be 
perceived  by  the  account  which  Vitruvius  gives  of  it) 
yet  fo  pleafed  was  he  to  gain  his  end  by  any  means, 
that  upon  this  occafion  not  being  able  to  contain  his 
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joy,  like  a  madman  leaping  from  the  bath,  naked  as 
he  was,  he  is  faid  to  have  ran  about  the  ftreetsof  Sy- 
racufe ,  crying  out  his"'Ev^x<x  wherever  he  came.  I 
will  not  here  Hay  to  enumerate  and  explain  thofe  va¬ 
rious  methods  that  have  been  thought  of  for  finding 
out  the  fpecifick  weight  of  bodies,  but  will  confine 
myfelf  to  the  bufinefs  I  have  undertaken,  and  fhew 
what  helps  we  have  from  hydrofla ticks,  and  how  fuit- 
able  they  are  to  our  prefent  purpofe. 

Firft  then  if  it  be  required  to  find  out  what  propor¬ 
tion  the  fpecifick  gravity  of  a  fluid  and  folid  body 
have  to  one  another,  and  the  folid  be  heavier  than  the 
fluid  fo  that  it  may  fink  when  immerfed  in  the  fluid, 
we  are  to  weigh  the  folid  both  in  air  and  in  the  fluid,, 
Now  it  has  been  proved  before,  that  its  weight  in  the 
fluid  will  be  lefs  than  its  weight  in  the  air,by  the  weight 
offo  much  of  the  fluid  as  is  equal  in  bulk  to  the  folid; 
but  the  fpecifick  gravity  of  the  fluid, is  to  the  fpecifick 
gravity  of  the  folid,  as  the  abfolute  weight  of  an  equal 
bulk  of  the  fluid,  is  to  the  abfolute  weight  of  an  equal 
bulk  of  the  folid  ;  therefore  the  fpecifick  gravity  of 
the  fluid,  is  to  the  fpecifick  gravity  of  the  folid,  as  the 
difference  in  weights  of  the  folid  in  air  and  in  the  flu¬ 
id,  is  to  the  weight  of  the  folid  in  the  air.  If  the  fluid 
be  common  clear  water  and  its  fpecifick  gravity  be 
exprefled  by  an  unit,  as  is  ufual  and  very  convenient 
upon  feveral  accounts,  then  to  find  a  number  which 
will  exprefs  the  fpecifick  gravity  of  the  folid,  we 
muft  divide  the  weight  of  the  folid  in  air  by  the  dif¬ 
ference  of  the  weights  of  the  fame  in  air  and  in  wa¬ 
ter,  the  quotient  will  be  the  number  required. 

An  example  will  clear  the  whole  matter.  Suppofe 
that  a  piece  of  copper  weighed  in  air  comes  to  45 
grains,  and  when  weighed  in  water  but  to  40  grains ; 
the  difference  of  thefe  two  weights,  which  is  5  grains, 
is  equal  to  the  weight  of  fo  much  water  as  is  equal 
in  bulk  to  the  piece  of  copper.  Therefore  the  fpe¬ 
cifick  gravity  of  water,  is  to  the  fpecifick  gravity 
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of  copper,  as  5  to  45.  The  fpecifick  gravity  of  water 
is  here  exp refTed  by  the  number  5,  if  inffead  of  that 
it  were  to  beexpreffed  by  an  unit,  we  muff  divide  455 
the  weight  of  the  copper  in  air,  by  5  the  difference 
of  45  and  40  its  weight  in  air  and  water,  and  the  quo¬ 
tient,  which  is  9,  will  exprefs  the  fpecifick  gravity  of 
the  copper  as  an  unit  does  that  of  water,  9  bearing 
the  fame  proportion  to  1  as  45  did  to  5. 

If  the  folid  body  to  be  examined  be  fpecifically 
lighter  than  the  fluid,  we  would  compare  it  with,  fo 
that  it  cannot  fink  by  its  own  weight,  but  is  conti¬ 
nually  buoyed  up  by  the  heavier  fluid,  we  may  by  a 
compound  ballance  find  out  its  relative  levity  in  the 
fluid,  or  the  force  with  vdiich  it  endeavours  toafcenck 

It  was  yefterday  fhewn  by  an  experiment  made 
with  fuch  a  compound  ballance,  that  the  force  of  a- 
feent  is  equal  to  the  difference  of  weights  of  the  a- 
feendingbody  and  an  equal  bulk  of  the  fluid  which 
invirons  it  *,  therefore  the  weight  of  fo  much  of  the 
fluid  as  is  equal  in  bulk  to  the  body,  is  the  fum  of 
two  weights,  whereof  one  is  the  abfolute  weight  of 
the  body  in  air,  and  the  other  is  equal  to  the  force  of 
afeent,  being  the  weight  which  is  applied  to  the  com- 
pound  ballance  to  reduce  the  afeending  body  to  am 
equilibrium.  Hence  it  follows  that  the  fpecifick  gra¬ 
vity  of  the  fluid,  is  to  the  fpecifick  gravity  of  the  fo- 
lid,  as  that  fum  of  the  two  weights,  is  to  the  abfo- 
lute  weight  of  the  folid.  If  the  fluid  be  common  wa¬ 
ter,  and  its  fpecifick  gravity  be  expreflfed  by  an  unit*-, 
we  muff  divide  the  abfolute  weight  of  the  folid  by 
that  fum  of  weights,  and  the  quotient  will  exprefs  the 
fpecifick  gravity  required. 

To  illuftrate  this  by  an  inflance,  let  usfuppofethat 
a  piece  of  dry  elm  weighs  in  air  36  grains  •,  this  wood 
being  lighter  than  water,  will  not  of  itfelf  link  in  it  5 
let  then  a  weight  be  applied  to  the  fuperior  beam  of 
the  compound  ballance  to  detain  it  under  water  and 
to.  keep  it  in  equilibria  *  and  the  weight  neceffary  for 


V.  ballance  explained ,  51 

that  purpofe  be  found  to  be  24  grains ;  this  weight 
of  24  grains  being  as  we  have  already  proved,  equal 
to  the  difference  of  the  weight  ot  the  elm  and  an  e~ 
qnal  bulk  of  water  *,  if  it  be  added  to  the  leffer  weight 
of  the  elm,  which  was  36  grains,  the  fum  which  is  60 
grains  will  be  the  weight  of  that  equal  bulk  of  water. 
Therefore  the  fpecifick  gravity  of  water  is  to  that  of 
elm  as  60  is  to  36  *,  if  inftead  of  60  which  does  now 
exprefs  the  fpecifick  gravity  of  water,  you  would  ra¬ 
ther  make  ufe  of  an  unit  for  that  purpofe,  we  mufl 
divide  36,  which  is  the  weight  of  the  elm  in  air,  by 
60  the  fum  which  was  before  mentioned,  the  quoti¬ 
ent  0,6  will  exprefs  the  fpecifick  gravity  of  elm,  as 
an  unit  does  the  fpecifick  gravity  of  water  ■,  and  it  is 
evident,  that  0,6  has  the  fame  proportion  to  an  unit 
that  36  had  to  60, 

I  know  not  whether  this  way  of  examining  bodies 
which  are  lighter  than  the  fluid  they  are  compared 
with  has  ever  yet  been  put  in  pradice,  there  feemirig 
to  be  too  great  a  difficulty  in  making  the  experiment, 
which  yet  may  be  much  leflened,  it  not  taken  away, 
by  a  well  contrived  inflrument 5  however  it  is  cer¬ 
tain  that  the  calculation  is  much  more  eafy  in  this 
method  than  in  that  other  which  I  will  now  defcribe* 

To  the  body  which  we  would  examine  which  is 
lighter  than  the  fluid  with  which  it  is  to  be  compar¬ 
ed,  we  mufl  annex  another  body  (by  tying  them  to¬ 
gether  with  an  horfe-hair  or  otherwise)  which  is  fpeci- 
fically  heavier  than  the  fluid  •,  fo  that  both  taken  to¬ 
gether  as  one  compound  body,  may  be  likewife  fpe- 
cifically  heavier  than  the  fluid  and  fink  in  it ;  weigh¬ 
ing  then  the  heavier  body  fmgly,  and  alfo  the  com¬ 
pound,  both  in  air  and  in  the  fluid,  we  mufl  thus 
make  our  calculation.  Subflrading  the  weight  of  the 
heavier  bodv  alone  in  the  fluid,  from  its  weight  in 
air,  what  remains  will  be  the  weight  of  fo  much  of 
the  fluid  as  is  equal  in  bulk  to  the  heavier  body  *,  re¬ 
gain  fubitrading  the  weight  of  the  compound  body 
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in  the  fluid,  from  its  weight  in  air,  what  remains  will 
be  the  weight  of  fo  much  of  the  fluid  as  is  equal  to 
the  compound  body  in  bulk  ;  taking  then  the  for¬ 
mer  difference  from  the  latter,  that  is,  taking  the 
weight  of  fo  much  of  the  fluid  as  is  equal  in  bulk  to 
the  heavier  body,  from  the  weight  of  fo  much  of  the 
fluid  as  is  equal  to  the  compound  body,  or  heavier 
and  lighter  together,  what  remains  will  be  the  weight 
of  fo  much  of  the  fluid  as  is  equal:  in  bulk  to  the  light¬ 
er  body ;  and  the  proportion  which  this  weight  bears 
to  the  weight  of  the  lighter  body  in  air,  will  be  the 
proportion  of  the  fpecifick  gravity  of  the  fluid  to  the 
fpecifick  gravity  of  the  lighter  body.  If  the  number 
which  expreffes  the  fpecifick  gravity  of  the  lighter 
body  be  divided  by  the  number  which  expreffes  the 
fpecifick  gravity  of  the  fluid,  the  quotient  will  alfo 
exprefs  the  fpecifick  gravity  of  the  lighter,  whilft  an 
unit  expreffes  that  of  the  fluid. 

.  Thus  if  a  piece  of  elm  weighs  in  air  15  grains,  hav¬ 
ing  fixed  to  it  a  piece  of  copper  that  the  compound 
may  fink  in  water,  let  usfuppofe  that  the  copper  a- 
lone  in  air  weighs  18  grains,  in  water  16  grains,  the 
aggregate  of  the  copper  and  elm  in  air  will  be  33 
grains;  fuppofe  again  we  find  by  making  trial  of  ir9 
that  the  aggregate  in  water  comes  to  6  grains ;  if  we 
fubftraCt  16  the  weight  of  the  copper  alone  in  water, 
from  18  its  weight  in  air,  the  2  grains  which  remain 
will  be  the  weight  of  a  bulk  of  water  equal  to  the 
copper ;  alfo  if  we  fubftradt  6  the  weight  of  thecom- 
pound  in  water,  from  33  the  weight  of  it  in  air,  the 
27  grains  which  remain  will  be  the  weight  of  a  bulk 
of  water  equal  to  the  compound.  Taking  then  2  the 
weight  of  water  equal  in  bulk  to  the  copper,  from  27 
the  weight  of  water  equal  in  bulk  to  the  copper  and 
dm  together,  the  25  grains  which  remain  will  be  the 
weight  of  the  water  equal  in  bulk  to  the  elm.  The 
weight  of  the  elm  itfelf  in  air  was  15  grains;  there¬ 
fore  water  is  to  dm  in  fpecifick  gravity  as  25  to  15^ 
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now  as  25  is  to  15  fo  is  1  to  o,  6  as  any  one  may  find 
by  the  rule  of  three.  The  third  term  in  the  pro¬ 
portion  being  in  our  cafe  an  unit,  we  are  only  to  di¬ 
vide  the  fecond  by  the  firft,  or  the  weight  of  the  fo¬ 
lid  in  the  air  by  the  weight  of  an  equal  bulk  of  wa¬ 
ter,  and  the  quotient  will  be  the  fourth  term  in  the 
proportion,  expreffing  the  fpecifick  gravity  of  the 
folid,  as  an  unit  expreffes  that  ol  water. 

Having  by  this  time  I  hope  fufficiently  explained 
the  method  of  comparing  folids  and  fluids  together 
as  to  their  gravities,  I  am  now  to  fhew  how  folids  are 
to  be  compared  with  folids,  and  fluids  with  fluids. 
This  will  require  but  few  words  being  eafy  and  obvi¬ 
ous  enough.  Solids  may  be  compared  with  folids  by 
the  mediation  of  a  fluid  ;  and  fluids  may  be  compared 
with  fluids  by  the  mediation  of  a  folid  ;  fometimes  in¬ 
deed  it  may  happen  that  a  fluid  may  be  weighed  as  a 
folid  body  within  another  fluid  with  which  it  will  not 
mix,  by  placing  it  in  the  glafs  bucket *,  thus  may 
quickfilver  moll  conveniently  be  compared  with  wa¬ 
ter  ( a ).  Suppofe  it  were  required  to  determine  what 
proportion  the  gravity  of  copper  has  to  the  gravity 
of  elm*,  thefe  two  cannot  immediately  be  compared 
together  hydroftatically,  but  we  may  as  has  been  al¬ 
ready  (hewed  compare  each  of  them  with  water,  and 
then  we  may  conclude  that  the  fpecifick  gravity  of 
copper,  is  to  the  fpecifick  gravity  of  elm,  in  a  pro¬ 
portion,  which  is  compounded  of  that  of  the  fpeci¬ 
fick  gravity  of  copper  to  water,  and  that  of  the  fpe¬ 
cifick  gravity  of  water  to  elm.  If  copper  be  to  water 

(<2)  Fig.  29.  repre fen ts  the  hydroftatical ballance, whereby  folid 
bodies  may  be  weighed  in  the  glafs  bucket  a 3  firft  in  air  and  then 
in  water.  In  the  latter  cafe  the  flit  b  in  the  circular  plate,  muft  firft 
be  dipt  upon  the  neck  c,  and  reft  upon  the  fquare  Ihoulder  under¬ 
neath;  that  the  weight  of  the  plate,  being  equal  to  that  of  a  quantity 
of  water  equal  in  bulk  to  the  empty  bucket,  may  reftore  the  equili¬ 
brium  of  the  empty  fcales.  The  fpecTck  gravities  of  fluids  are  deter¬ 
minable  by  the  glafs  ball  d}  defo  ibed  in  the  fequel  of  the  le&ure. 
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as  9  to  i,  and  water  be  to  elm  as  i  to  0,6,  copper  will 
be  to  elm  as  9  to  o ,6  or  as  90  to  6,  or  as  1 5  to  1. 

Suppofe  again  two  fluids  were  propofed  to  be 
compared  together;  let  one  oi  them  be  a  parcel  of 
oyl  of  vitriol  bought  in  the  flhops  which  you  fufpc-fb 
to  be  not  the  bed,  and  you  would  examine  whether 
its  gravity  be  to  the  gravity  of  water  as  17  to  10,  as, 
it  ought  to  be  if  good ;  comparing  it  with  glafs  by  the 
method  before  defcribed,  you  find  its  gravity  to  that 
of  glafs  to  be  as  7  to  15  ;  comparing  the  fame  glafs, 
with  water  you  find  the  gravity  of  glafs  to  that  of 
water  as  3  to  1 ;  hence  by  compounding  the  propor¬ 
tions  of  7  to  15  and  3  to  1,  you  know  that  the  gra¬ 
vity  of  your  oyl  of  vitriol  is  to  the  gravity  of  water 
as  7  to  5,  or  as  14  to  10,  whereas  it  ought  to  have 
been  as  1 7  to  10.  This  way  ol  comparing  fluids  toge¬ 
ther  is  universal,  and  may  be  pradtifed  with  a  bal- 
lance  of  any  form.  The  tabrick  of  our  inffrument 
does  indeed  in  this  particular  fomewhat  fhorten  the 
operation,  and  therefore  it  will  not  be  amifs  to  fhew 
how  we  make  our  calculation  from  it. 

The  glafs  ball  you  may  remember  was  heavier 
than  an  equal  bulk  of  water,  as  was  evident  by  its 
finking  in  it,  and  by  an  experiment  purpofely  made, 
its  weight  was  found  to  be  to  the  weight  of  an  equal 
bulk  of  water,  as  i8f  to  10;  oyl  of  vitriol,  which 
is  one  of  the  heaviefl  fluids  excepting  quickfilver,  is 
to  water  as  17  to  10,  therefore  the  ball  may  be  ufed 
for  examining  any  liquor  that  is  lefs  heavy  than  oyl 
of  vitriol,  fince  it  will  link  even  in  that  oyl.  The  ex- 
cefs  of  weight  of  the  ball  above  that  of  an  equal  bulk 
of  water,  was  counterpoifed  by  an  equal  excefs  of 
weight,  of  the  oppoflte  fcale  of  the  ballance,  above 
that  of  the  fcale  to  which  the  ball  was  fixed  ;  and  by 
that  means  it  was  fuflained  in  the  water  in  equilibria * 
We  may  conceive  the  ball  fo  ballanced  in  the  water, 
as  if  it  were  a  parcel  of  the  water  congealed  into  that 
fhape;  and  therefore  if  we  fubftitute  for  water  in  the 
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veffel  fome  other  liquor  of  a  different  gravity,  this 
equilibrium  will  be  no  longer  prefer ved  ;  we  are  there¬ 
fore  continually  to  put  weights  into  the  afcending 
fcale,  till  we  have  again  reduced  the  ballance  to  the 
fame  ftate  ;  and  the  weight  we  have  put  into  either 
fcale,  will  be  the  difference  in  gravity  of  two  bulks, 
one  of  water  and  the  other  of  the  liquor  to  be  examin¬ 
ed,  which  are  equal  to  one  another,  and  each  equal 
to  the  bulk  of  the  balk  This  bulk  of  water  has  been 
found  to  be  803  grains;  if  therefore  we  add  to  803 
the  number  of  grains  which  were  put  into  the  fcaje  to 
which  the  ball  is  annexed,  or  fubitradl  from  803  the 
number  of  grains  which  were  put  into  the  oppofite 
fcale,  the  refult  will  be  the  weight  of  a  bulk  of  the 
liquor  under  examination  equal  to  the  ball ;  and  the 
fpecifick  gravity  of  water  will  always  be  to  the  fpe¬ 
cifick  gravity  of  the  other  liquor,  as  803  to  the  re¬ 
fill  ting  number.  If  we  divide  the  refult  by  803  the 
quotient  will  exp  refs  the  gravity  of  the  other  liquor 
as 'an  unit  expreffes  that  of  water. 

To  illuftrate  this  by  an  example,  let  it  be  propof- 
ed  to  find  the  gravity  of  milk  ;  immerfing  the  ball 
as  it  is  fixed  to  the  ballance  in  that  liquor,  we  find  it 
neceffary  to  put  28  grains  into  the  fcale  to  which  the 
ball  hangs,  in  order  to  reduce  the  beam  to  its  hori¬ 
zontal  fituation ;  adding  then  28  to  803  the  fum  will 
be  831,  and  the  fpecifick  gravity  of  water  to  that  of 
-milk,  will  be  as  803  to  83 1. 

Thus  then  may  all  bodies  of  what  kind  foever  be 
compared  together  as  to  their  intenfive  weights;  I 
might  have  added  other  methods  which  are  alfo  hy-' 
drofiatical  and  fitted  to  the  fame  purpofe,  but  thofc 
already  defcribed  are  fufficient  and  feem  indeed  to  be 
the  moil  convenient. However  I  will  here  mention  one 
other  way  of  examining  the  gravity  of  fluids  which 
is  of  very  good  ufe  upon  fome  occafions.  The  foun¬ 
dation  of  it  is  this,  that  if  a  body  be  made  fucceflively 
to  float  upon  two  fluids  of  Afferent  gravities,  the  foe- 
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cifick  weight  of  the  lighter  will  be  to  the  fpe(  ifick 
weight  of  the  heavier,  as  the  magnitude  of  the  part 
of  the  floating  body  which  is  immerfed  in  the  heavi¬ 
er,  is  to  the  magnitude  of  the  part  immerfed  in  the 
lighter.  For,  the  bulks  or  volumes  ofboth  fluids  that 
are  equal  to  the  parts  refpectiv  ly  immerfe  1  in  them, 
having  the  fame  abfolute  weight  with  the  whole  float¬ 
ing  body,  as  hath  been  proved  before,  will  be  of  e- 
qual  abfolute  weights,  and  confequently  their  fpeci- 
fick  gravities  will  be  reciprocally  as  their  magni¬ 
tudes,  or  which  is  the  fame  thing,  reciprocally  as  the 
magnitudes  of  the  parts  immerfed.  If  therefore  a  bo¬ 
dy  of  a  regular  figure  could  be  provided  fo  that  the 
part  of  it  which  is  immerfed,  might  always  be  accu¬ 
rately  and  eafily  meafured,  this  way  would  be  expe¬ 
ditious  enough.  A  truly  cylindrical  glafs  veflel  feems 
to  be  the  fittcfl:  for  this  purpofe ;  for  the  part  immerf¬ 
ed  will  be  always  as  its  depth.  The  gravity  therefore 
of  the  fluid  may  readily  be  eflimated  by  a  proper  fcale 
of  parts  in  arithmetical  progreflion  applied  to  the 
fide  of  the  cylinder,  or  more  readily  by  infpeddon 
only  of  another  fcale  which  might  be  mufically  di¬ 
vided  by  ways  which  I  will  not  flay  here  to  defcribe. 
For,  any  one  that  fhall  attempt  to  get  fuch  a  cylin¬ 
der,  as  will  be  convenient  for  his  purpofe,  of  an  ex- 
ad:  figure  and  truly  polled,  that  it  may  always  ftand 
ered,  will  perhaps  find  it  more  difficult  to  obtain 
than  atfirft  he  expected. 

Neverthelefs  upon  fome  occafions  this  method 
may  be  of  lingular  ufe.  We  may  examine  by  this 
means  whether  a  liquor  propofed  be  genuine  as  to  its 
gravity,  though  we  do  not  learn  from  hence  what  is 
the  precife  quantity  of  that  gravity.  The  thing  is 
common  among  chymifts ;  they  make  ufe  of  an  hol¬ 
low  ball  of  glafs  having  a  fiender  flem  or  pipe  an¬ 
nexed  to  it,  which,  is  fo  poifed  that  when  the  ball  is 
immerfed  in  any  liquor,  the  flem  may  ftand  ered: 
and  be  in  part  extant  above  the  furface  of  it.  This 
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glafs  they  place  in  feveral  liquors  which  they  know 
by  other  means  to  be  good  in  their  kind,  and  put 
marks  upon  the  ftem,  which  fhew  the  different  de¬ 
grees  of  immerfion  in  the  different  liquors.  Then  if 
any  liquor  of  the  fame  name  be  afterwards  to  be  ex¬ 
amined,  fuppofe  it  were  oyl  of  tartar  per  ddiquium  ; 
if  the  glafs  fink  lower  in  it  than  the  mark  they  had 
formerly  made  for  that  oyk  they  conclude  it  has  not 
its  juft;  gravity,  and  is  probably  adulterated  with  wa¬ 
ter  *,  but  if  it  fink  not  fo  low  as  the  mark  for  alco¬ 
hol  of  wines,  they  conclude  that  the  alcohol  is  too 
heavy,  and  therefore  not  fufficiently  rectified  (a). 
This  inftrument  by  a  fmall  alteration  may  be  fitted 
to  examine  whether  folids  have  the  true  ftandard 
weight  of  their  kind,  as  any  one  may  perceive  by  the 
defcription  of  Mr.  Boyle’s  efifay-inftrument,  publifh- 
ed  in  the  Philofophical  Tran  fa#  ions. 

After  all  that  has  been  hitherto  laid,  there  may 
yet  remain  fome  few  difficulties  to  be  removed,  and 
iome  cautions  to  be  given.  It  may  happen  that  the 
body  to  be  examined  may  confift  of  fmall  fragments, 
or  may  be  a  powder,  or  may  imbibe  the  water  it  is 
weighed  in,  foas  to  appear  heavier  than  it  really  is, 
or  may  be  diffoluble  in  water.  If  it  be  made  up  of 
fmall  fragments  or  be  a  powder,  we  muft  of  neceffity 
in  this  cafe  make  ufe  of  the  glafs  bucket,  which  we 
are  not  obliged  to  do  when  the  body  to  be  weighed 
is  entire,  and  of  a  confiderable  magnitude.  For  then 
we  may,  if  we  think  fit,  make  ufe  of  a  ballance  of 
the  ufual  form,  and  by  fufpending  the  body  with  an 
horfe-hair  (which  is  nearly  of  the  fame  gravity  with 
water)  to  the  under  fide  of  either  of  the  feales,  we 
may  weigh  it  both  in  air  and  in  water.  Putting  then 
aconvenientquantity  of  the  fragments  or  powder  into 
the  bucket  •,  we  firft  find  the  weight  in  air,  after¬ 
wards  we  muft  warily  and  little  by  little  put  into  the 
bucket,  whilft  it  is  yet  kept  in  air,  and  hath  the  pow¬ 
der 


{a)  See  Phil.  Tranf.  N°.  3  84  and  413. 
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der  or  fragments  in  it,  a  convenient  quantity  of  the 
fame  water  it  is  to  be  weighed  in,  that  the  liquor  may 
have  time  to  infinuate  itfelf  between  the  dry  bodies 
and  even  the  corpufcles  of  the  powder,  and  expel 
thence  the  air  that  was  lodged  in  the  intervals  be¬ 
twixt  them  *,  which  little  aerial  portions,  if  not  thus 
feafonably  expelled,  would  upon  the  immerfion  of 
the  veffel,  produce  in  the  water  ftore  of  bubbles,  that 
would  buoy  up  or  fallen  themfelves  to  the  fragments 
or  other  fmall  bodies,  and  make  the  experiment  un¬ 
certain  or  fallacious.  And  if  it  be  a  powder  that  is  to 
be  weighed,  unlefs  it  be  beforehand  throughly  wet¬ 
ted  5  and  thereby  freed  from  aerial  particles,  and  re¬ 
duced  to  a  kind  of  mud,  there  is  danger  that  fome  dry 
corpufcles  of  the  powder  will,  when  the  veffel  is  un¬ 
der  water,  be  buoyed  up  and  get  out  of  it,  and  float¬ 
ing  on  the  furface  of  the  incumbent  water  take  off 
from  the  true  weight,  that  the  immerfed  powder 
Ihould  have  in  that  liquor. 

If  the  body  to  be  weighed  be  fubjebt  to  imbibe  wai¬ 
ter  too  readily,  it  may  be  cafed  with  a  coat  of  bees¬ 
wax,  and  then  we  muff  proceed  in  our  calculation  ac¬ 
cording  to  the  method  which  was  before  defcribed 
for  determining  the  gravities  of  bodies  lighter  than 
water,  or  the  fluid  they  are  weighed  in,  by  adding  a 
more  ponderous  body ;  and  as  there  we  weighed  the 
heavier  body  by  itfelf  in  air  and  in  water,  and  after¬ 
wards  the  compound  of  the  heavier  and  the  lighter 
both  in  air  and  in  water,  fo  here  v/e  muff  weigh  the 
bees-wax  before  we  apply  it  both  in  air  and  water, 
and  afterwards  the  compound  of  the  bees-wax  and  the 
other  body  both  in  air  and  in  water.  If  the  body  pro- 
pofed  be  diffoluble  in  water,  we  may  weigh  it  in  o- 
ther  liquors,  which  will  not  diffolve  it. 

Mr  .Boyle  tells  us  upon  this  occafion,  confidering 
that  except  quickfllver,  the  vifible  fluids  we  can  com¬ 
mand  are  either  of  an  aqueous  or  of  an  oily  nature, 
and  that  molt  bodies  whereof  we  can  make  folutions 
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in  liquors  of  the  former,  will  not  (at  lead  fenfibly) 
fuffer  themfelves  to  be  diffolved  by  thole  of  the  lat¬ 
ter  kind,  whilft  a  propofed  folid  is  weighing  in  them; 
he  prefumed  that  the  mod  faline  bodies,  fuch  as  ah 
lum,  vitriol,  fal  gem.  borax,  fublimate  and  others, 
might  de  commodioully  weighed  in  olcous  liquors; 
and  amongd  thefe  upon  feveral  accounts  he  made 
choice  of  fpirit  of  turpentine.  If  then  we  follow  his 
choice,  we  nay  determine  what  proport  ion  the  gra¬ 
vity  os  the  folid  propofed  has  to  the  gravity  of  that 
fpirit ;  and  by  other  ways,  which  have  have  been  al¬ 
ready  explained,  finding  the  proportion  of  the  gra¬ 
vity  of  the  fame  fpirit  to  the  gravity  of  water,  by 
compounding  their  two  proportions,  we  fhall  obtain, 
the  proportion  of  the  fol  id’s  gravity  to  that  of  water. 

Mod  men  who  treat  of  thefe  matters  do  now  adays 
compare  all  other  bodies  with  water,  whofe  fpecidck 
gravity  they  exprefs  by  an  unit.  It  may  perhaps  be 
objeded  that  we  cannot  difcover  the  proportion  be¬ 
tween  a  folid  body  and  wat£r  in  general,  but  only  be¬ 
tween  the  propofed  body  and  the  particular  vrater  it 
is  weighed  in,  becaufe  there  may  pofiibly  be  a  great 
difference  between  liquors  which  are  called  common 
water.  Mr.  Boyle  has  fupplied  us  with  an  anfwer  to 
this  objection;  I  will  therefore  give  you  his  words. 
6t  Having  had,  fays  he,  the  opportunity  as  w’ellascu- 
riofity  upon  feveral  occafions  to  examine  the  weight 
of  divers  waters,  forne  of  them  taken  up  in  places 
very  didant  from  one  another,  I  found  the  diffe- 
46  rence  between  their  fpecifick  gravities  far  lefs,  than 
almod  any  body  would  exped.  And  if  I  be  not 
&c  deceived  by  my  memory  the  difference  between 
4C  waters,  where  one  would  exped  a  notable  difpari- 
ty,  was  but  about  the  thoufandth  part  (and  fome- 
times  perhaps  very  far  lefs)  of  the  weight  of  either. 
Nor  did  I  find  any  confiderable  difference  between 
the  weight  of  divers  waters  of  diderent  kinds,  as 
Ipring  water, river  water,  rain  water,  and  fnow  wa- 
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c<  ter;  though  this  lafl  was  fomewhit  lighter  than  any 
of  therdi.  And  having  bad  thecuriofiry  to  procure 
“  fome  water  brought  in  England,  if  I  much  mifre- 
member  not,  from  the  river  Ganges  itfdf,  which 
**  fome  travellers  tell  us  from  the  prefs  is  by  a  fifth 
*c  part  lighter  than  our  water,  I  found  it  very  little,  if 
at  all,  lighter  than  fome  of  our  common  waters.5* 
It  may  alfo  be  poilibly  objefted,  that  we  take  the 
weight  which  bodies  have  in  the  air  for  their  abfolute 
weight,  whereas  their  abfolute  weight  is  what  they 
would  weigh  in  vacuo .  I  allow  that  all  bodies  have 
lefs  weight  in  air  than  their  abfolute  and  real  weights 
in  vacuo ;  but  if  we  conficler  that  this  diminution  of 
real  weight  is  in  moft  bodies  butabout  the  thoufandth 
part  of  the  whole,  and  in  metals,  which  are  the  hea- 
viefl  kind  of  bodies,  much  lefs,  this  objection  will 
ceafe  to  be  confiderable  :  yet  if  any  one  has  a  mind 
to  be  fo  needlefsly  accurate  in  a  matter  which  will  not 
bear  that  nicety  upon  other  accounts,  he  may  add  the 
number  which  exprefles  the  fpecifick  gravity  of  air, 
to  all  the  other  numbers  of  any  table  of  bodies,  and 
by  that  means  correft  the  whole  error  which  rifes 
from  thisfource. 

Though  this  way  of  examining  the  gravities  of  bo¬ 
dies  hydrofiatically  be  preferable  to  all  others,  yet  it 
is  not  free  from  fome  uncertainties.  Bodies  themfelves 
though  they  have  juflly  the  fame  name  and  are  re¬ 
ferred  to  the  fame  kind,  have  not  any  exaft  common 
flandard  of  weight,  and  fome  little  errors  will  ine¬ 
vitably  arife  in  phyfical  experiments  though  made 
with  the  utmofl  accuracy.  We  mult  therefore  be  as 
cautious  as  we  cam  When  we  weigh  any  thing  in  wa¬ 
ter  or  any  other  liquid,  great  care  ought  to  be  taken, 
that  no  part  of  the  body  to  be  weighed  touch  the  bot¬ 
tom  or  fides  of  the  veffel,  or  rife  above  the  furface ; 
that  no  bubbles  of  air  flick  to  and  buoy  it  up;  that 
no  drops  of  the  liquor  touch  or  adhere  to  the  fcales 
or  beam.  Several  other  cautions  there  are  which  may 
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bed  be  learned  by  experience.  I  therefore  defign  to¬ 
morrow  to  pradlife  the  rules  which  have  been  now 
laid  down,  and  to  fuggeit  fome  further  ufes  of  this 
fort  of  experiments. 

A  table  of  the  fpecifick  gravity  of  bodies . 


Fine  gold  — - — —  1.9640 

Standard  gold  - -  1.8888 

Quickfilver  - — -  1 .4000 

Lead  - - 11-325 

Fine  filver - 1 1.091 

Standard filver -  10  535 

Bifmuth  — - - — —  9.700 

Copper  — - —  9.000 

Call  brafs - 8  000 

Steel  • — — - - — —  7.850 

Iron  — - -  7  645 

Tin  — — - — - - —  7-320 

Glafs  of  antimony  - -  5.280 

A  pfeudo-topaz  - —  4.270 

A  diamond - 3 .400 

Clear  cryftal  glafs  • — —  3. 1 521 

Ifland  cryftal  - —  2.720 

Fine  marble  — - -  2  700 

Rock  cryftal  - -  2.650 

Common  green  glafs  —  2.620 
Stone  of  a  mean  gravity  2.500 

Sal  gemmae  - — -  2.143 

Brick- — - - - 2.000 

Nitre— - -  1.900 

Alabafter - 1-875 

Dry  ivory  — - 1.825 

Brimftone - 1.800 

Dantzick  vitriol - 1.715 

Allum  - — — -  1.71 4 

Borax - — — -  1.7 1 4 

Calculus  humanus -  1.700 

Oyl  of  vitriol - — — -  1.700 


Oyl  of  tartar  - -  15  50 

Bezoar  - - — -  1.500 

Honey  - - - 1.450 

Gum  arabick - — —  1 .3  75 

Spirit  of  nitre - — - -  1315 

Aqua  fortis  - — -  1.300 

Pitch  - — — —  1. 1 50 

Spirit  of  fait  - — - - -  1.130 

Craftamen.of  hum.  blood  1.126 

Spirit  of  urine  — -  1 . 1 20 

Human  blood- - —  1.054 

Amber  — — — — —  1 .040 
Serum  of  human  blood  1  030 

Milk - — - -  1.030 

Urine - —  1.030 

Dry  box-wood  -  1.030 

Sea  water  — - 1.030 

Common  water - -  1 .000 

Camphire  — - - -  0.996 

Bees  wax  - — - -  0955 

Linfeed  oyl  -  -  0.932 

Dry  oak  — -  0.925 

Oyl  olive  - - - - 0.913 

Spirit  of  turpentine -  0.874 

Rectified  fpirit  of  wine  0.866 

Dry  afti - - — -  0  800 

Dry  maple — - - 9-755 

Dry  elm  - - 0.600 

Dry  ftrr  (a) - —  0.550 

Cork - 0.240 

Air- - - — - - — ■  0.00 1  -I- 


( a)  Thefe  are  the  fpecifick  gravities  of  dry  wood.  For  Dr.  Jurin  has  oh- 
ferved  that  the  fubftance  of  all  wood  is  fpecifically  heavier  than  water,  fo  as  t® 
fink  in  it,  after  the  air  is  extradted  from  the  pores  and  air-vefiels  cf  the  wood, 
by  placing  it  in  warm  water  under  a  receiver  of  an  air-pump  ;  or  if  an  air-pump 
cann  ^t  be  had,  by  iettmg  the  wood  continue  fome  time  in  boiling  water  over  a 
fire.  Thus  he  found  all'o,  that  fome  human  calculi,  contrary  to  common  opi¬ 
nion,  are  almoft  as  heaty  as  bricks  and  the  fofter  fort  of  paving  ftones.  PbiL 
‘Pranf.  K°.  3^9. 

The  fpecifick  gravities  of  human  blood,  its  crajf amentum  and  jerum  are  taken 
from  veiy  accurate  experiments  made  by  the  fame  judicious  author.  Pbi'L 
PranJ.  N°.  361* 
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the  praxis  cf  the  hydroftatical  hallancer  the  fpecifick 
gravities  of  fever  al  bodies  actually  found  out ,  with  an 
account  cf  the  various  tifes  offuch  enquiries. 

IT  may  now  be  expeded,  after  fo  much  of  our  time 
fpent  in  explaining  and  p  radi  i  flog  the  hydrodati- 
cal  ballance,  that  I  fhould  give  fome  account  of  ths 
ufefulnefs  of  fuch  tryals.  To  do  this  in  its  fulled  ex¬ 
tent  would  take  up  more  of  our  time  than  we  can  con¬ 
veniently  fpare  upon  that  fubjedt  alone.  There  have 
been  whole  books  written  upon  this  matter  by  Ghe - 
taldus  and  Mr.  Boyle ,  who  have  neverthelefs  left  feve- 
ral  things  untouched,  which  might  have  been  perti¬ 
nent  enough  to  their  purpofe.  Any  one  who  has  in 
the  lead  meddled  with  natural  philofophy,  mud 
needs  be  fenfible  of  what  great  importance  it  is  to  be 
able  to  compare  bodies  together,  as  to  their  magni¬ 
tudes,  den fi ties,  and  the  quantities  of  matter  they  con¬ 
tain.  Now  this  may  be  done  by  the  help  of  the  indru- 
ments  we  have  been  defcribing  and  making  ufe  of ; 
for  the  denfity  of  any  body  is  as  its  fpecifick  gravity, 
and  the  quantity  of  matter  it  contains  is  as  its  abfo- 
lute  weight ;  therefore  whatever  comparifons  we  can 
make  of  the  magnitudes,  fpecifick  gravities  and  ab¬ 
le  lute  weights  of  bodies,  the  fame  will  hold  good  as 
to  their  magnitudes, denfitiesand  quantities  of  matter 
confidered  together.  Hence  did  our  famous  Sir  Ifaac 
Newton  conclude  that  water  has  about  40  times  more 
pores  than  folid  parts.  Hence  alfo  he  made  it  evi¬ 
dent  that  the  forces  of  bodies  to  reflect  and  refradl 
light  are  very  nearly  proportional  to  their  denflties, 
excepting  that  undluous  and  fulphurous  bodies  re¬ 
fract  more  than  others  of  the  fame  denfity. 

It  would  be  needlefs  to  heap  up  indances  of  this 
kind  which  any  thinking  perfon  cannot  mifs  of.  But 
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though  it  be  impoflible  to  declare  all  the  ufes  there 
may  be  of  comparing  bodies  thus  together,  I  will 
however  give  feme  certain  rules  for  fuch  compari- 
fons,  and  fhew  how  from  any  two  of  thefe  three 
things,  magnitude,  fpecifick  gravity  and  abfolute 
weight  given,  the  other  may  be  determined.  Thus 
will  our  geometry  be  enlarged,  and  we  may  be  able 
to  find  out  the  magnitude  of  any  body  however  ir¬ 
regular,  by  its  weight  and  fpecifick  gravity ;  and  the 
fame  way  our  ftaticks  may  be  improved  to  find  out 
the  weight  of  any  body  how  great  foever,  fuppofe 
it  were  a  whole  building,  by  the  magnitude  and 
fpecifick  gravity  of  the  materials  which  compofe  it* 
After  this  I  will  fhew  how  any  mixture  of  any  two 
bodies  may  be  difeovered,  as  the  allay  of  gold  and 
fiiver,  and  other  problems  of  the  like  nature.  In  the 
third  and  daft  place  I  will  give  fome  inflancesof  the 
ufefulnefs  of  thefe  enquiries  to  phyficians,  chymifls* 
apothecaries,  jewellers,  golafmiths  and  others,  who 
by  thefe  means  may  be  able  to  judge  whether  the  ma» 
terials  they  deal  with  be  rightly  qualified  for  their 
purpofe  or  not. 

To  determine  any  one  of  thefe  three  things,  mag¬ 
nitude,  fpecifick  gravity  and  abfolute  weight,  the  o- 
ther  two  being  fuppofed  to  be  given  or  known,  we 
may  obferve  the  following  Rules. 

1.  If  bodies  compared  together  be  of  equal  mag¬ 
nitudes,  their  abfolute  weights  will  be  as  their  fpeci¬ 
fick  gravities. 

2 .  If  bodies  compared  together  be  of  the  fame  fpe¬ 
cifick  gravity,  their  abfolute  weights  will  be  as  their 
magnitudes. 

3.  If  bodies  compared  together  have  their  abfo¬ 
lute  weights  equal,  their  magnitudes  and  fpecifick 
gravities  will  be  reciprocally  as  one  another. 

Hence  if  bodies  compared  together  be  neither  of 
equal  magnitudes,  nor  of  the  fame  fpecifick  gravity* 
nor  the  fame  abfolute  weight,  then 
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4.  Their  abfolure  weights  will  be  in  a  compound 
ratio  of  their  fpeciiick  gravities  and  their  magni* 
tudes. 

5.  Their  fpecifick  gravities  will  be  in  a  compound 
ratio  of  their  abfolute  weights  direCtly  and  magni¬ 
tudes  inverfely. 

6.  Their  magnitudes  will  be  in  a  compound  ratio 
of  their  abfolute  weights  direCtly,  and  their  fpecifick 
gravities  inverfely. 

To  fit  thefe  rules  to  our  purpofe,  we  ought  fur¬ 
ther  to  know  the  exaCt  weight  of  fome  certain  mag¬ 
nitude  of  a  determinate  body  whofe  fpecifick  gravi¬ 
ty  we  can  readily  compare  with  that  of  all  other  bo¬ 
dies  ;  fuch  I  take  water  to  be,  which  I  therefore  make 
choice  of.  Now  a  cubick  foot  of  water  weighs  pre- 
cifely  iooo  averdupois  ounces  *,  I  have  found  it  to  be 
very  nearly  fo  myfelf,  and  by  comparing  feveral  ex¬ 
periments  that  have  been  made  by  others  for  this 
purpofe,  I  find  there  is  fometimes  an  excefs  at  other 
times  a  defeCf,  but  the  difference  is  always  inconfider- 
able.  It  falls  out  very  happily  and  is  a  great  eafe  in 
calculation,  that  one  cubick  foot  of  water,  with 
which  other  bodies  are  mofl  eafily  compared,  and 
whofe  fpecifick  gravity  is  commonly  expreffed  by  an 
unit,  fhould  weigh  fuch  a  round  number  of  ounces. 

We  have  another  convenience  by  taking  the  weight 
thus  by  ounces,  that  we  can  by  this  means  the  more 
eafily  exprefs  cur  deductions  by  other  ancient  and 
modern  weights.  For  it  has  been  Fufficien tly  proved 
that  the  ancient  and  modern  Roman  ounce  has  no  fen- 
Hole  difference  from  our  averdupois  ounce,  and  it  is 
well  known  that  other  ancient  and  modern  weights 
are  moil  eafily  referred  to  thofe  of  the  Romans. 

Our  averdupois  ounce  contains  437!  grains  troy, 
and  our  averdupois  pound  contains  7000  grains  troy, 
fo  that  the  averdupois  ounce  is  to  the  troy  ounce  near¬ 
ly  as  51  to  56,  and  die  averdupois  pound  to  the  troy 
pound  nearly  as  i  7  to  14.  We  may  therefore  by  any 
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thefe  weights  by  the  other. 


It  being  evident  then  by  experiment  that  a  cubick 
Foot  of  water  weighs  i  ooo  averdupois  ounces,  we  may 
hence  fhorten  and  facilitate  the  rules  which  were  laid 
down  in  more  general  terms5by  compounded  propor¬ 
tions,  and  inflead  of  them  make  ufe  of  thefe  follow¬ 
ing;  which  all  along  fuppofe  the  fpecifick  gravities  of 
bodies  to  be  expreffed  by  a  fcale  of  numbers  wherein 
i  ooo  is  put  for  the  fpecifick  gravity  of  water,  and 
their  abfolute  weight  to  be  expreffed  by  the  number 
and  parts  of  averdupois  ounces,  and  their  magnitude 
to  be  expreffed  by  the  number  and  parts  of  a  cubick 
foot. 

1.  The  abfolute  weight  of  any  body  is  equal  to  the 
product  which  arifes  by  multiplying  its  magnitude 
and  fpecifick  gravity  together. 

2.  The  fpecifick  gravity  of  any  body  is  equal  to 
the  quotient  of  its  abfolute  weight  divided  by  its 
magnitude. 

3.  The  magnitude  of  any  body  is  equal  to  the  quo¬ 
tient  of  its  abfolute  weight  divided  by  its  fpecifick 
gravity. 

Thefe  three  rules  may  be  fufficient  and  are  eafy  e- 
trough  to  be  pradtifed :  I  will  give  an  example  fitted  to 
each.  Suppofe  an  architect  being  about  to  build  a 
church  vferedefirous  toknow  beforehand  what  weight 
of  lead  is  requifite  to  cover  it,  in  order  tocompute  the 
expence  he  muft  be  at*  He  knows  by  the  dimenfions 
he  has  propofed  to  himfelf,  that  the  area  to  be  co¬ 
vered  is  30000  feet,  and  is  fatisfied  by  experience 
that  the  thicknefsofan  hundreth  part  of  a  foot  is  fuffi- 
cient;  multiplying  then  30000  by  or  dividing 
it  by  ioo,  the  magnitude  of  the  lead  whofe  weight 
he  requires  will  be  300  cubick  feet.  By  making  ex¬ 
periment  or  by  fome  table  he  finds  that  the  fpecifick 
gravity  of  lead  is  11325  at  the  fame  time  that  the 
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fpecifick  gravity  of  water  is'  1000.  Multiplying 
therefore  according  to  the  firil  rule  the  fpecifick  gra¬ 
vity  1 1325  by  300  the  magnitude,  the  product  will 
339750°,  which  is  the  number  of  ounces  that  the 
lead  will  weigh.  There  are  35840  ounces  in  a  tun, 
if  therefore  the  product  be  divided  by  the  number  of 
ounces,  the  quotient  will  be  the  number  of  tuns  re¬ 
queue  to  cover  the  whole  building,  which  amounts 
to  94  and  about  S  of  a  tun. 

Suppofe  again  for  an  example  of  the  fecond  rule 
that  a  poliihed  parallelopiped  of  fine  marble  is  in 
magnitude  equal  to  4  cubick  feet,  and  when  weighed 
comes  to  6  hundred  weight  and  3  pounds,  and  it 
were  required  to  find  the  fpecifick  gravity  of  it.  An 
hundred  weight  being  112  fingle  pounds,  6  hundred’ 
weight  and  3  pounds  will  be  equal  to  675  fingie 
pounds,  which  multiplied  by  16  makes  10800  oun¬ 
ces.  If  then  according  to  the  fecond  rule,  we  divide 
the  weight  of  marble  by  4  its  magnitude,  the  quoti¬ 
ent  2700  will  be  the  fpecifick  gravity  of  marble  as 
1000  is  the  fpecifick  gravity  of  water.  By  this  me¬ 
thod  we  find  the  fpecifick  gravities  of  bodies  without 
the  help  of  hydroffaticks,  but  as  this  method  can  fei- 
dom  be  put  in  practice  by  reafon  of  the  irregular  fi¬ 
gures  of  moft  bodies  which  we  may  have  occafion  to 
examine,  fo  is  it  never  fo  accurate  as  the  hydroftati- 
cal  way  which  I  have  already  explained. 

The  third  rule  is  of  excellent  ufe  for  determining 
the  magnitude  of  any  body  how  irregular  foever  it 
be,  provided  we  can  aflign  both  its  abfolute  and 
fpecifick  weight.  Let  leveral  fragments  of  coral  be 
propofed,  whofe  fpecifick  gravity  we  find  to  be 
2690 ;  fuppofe  their  weight  be  7  ounces ;  divide  then 
according  to  the  rule,  the  abfolute  weight  7  by  the 
fpecifick  gravity  2690,  the  quotient  will  give  the  to¬ 
tal  magnitude  of  all  the  fragments  equal  to  T  AW  of 
a  cubick  foot  j  to  reduce  that  to  cubick  inches,  mul- 
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tiply  thefe  parts  of  a  cubick  loot  by  1 7  28,  the  num¬ 
ber  ot  cubick  inches  contained  in  a  cubick  foot,  the 
product  will  be  four  inches  and  very  nearly  an  half, 
which  is  the  total  magnitude  of  all  the  irregular  frag¬ 
ments  which  were  propofed  to  be  meafured:  which 
is  an  eafy  and  very  exabt  way  of  obtaining  the  di- 
menfions  of  feveral  bodies  which  cannot  be  brought 
under  the  rules  of  geometry. 

Another  ufe  which  I  mentioned  of  thefe  hydrofta- 
tical  tryals,  was  to  difcover  in  what  proportion  any 
two  bodies  are  mixed  together  in  a  compofition  of¬ 
fered  to  be  examined.  The  data  requifitefor  this  pur- 
pofe,  are  the  fpecifick  gravities  of  the  mixture  and 
of  the  two  ingredients*,  thefe  are  all  of  them  to  be 
obtained  by  the  hydroflatical  ballance,  and  are  iufh- 
cient  for  the  difcovery,  by  the  help  ot  the  following 
rules  of  proportion. 

As  the  difference  of  the  fpecifick  gravities  of  the 
mixture  and  the  lighter  ingredient,  is  to  the  diffe¬ 
rence  of  the  fpecifick  gravities  of  the  mixture  and 
heavier  ingredient,  fo  is  the  magnitude  of  the  heavier 
to  the  magnitude  of  the  lighter  ingredient  *,  then  as 
the  magnitude  of  the  heavier  ingredient  multiplied 
into  its  fpecifick  gravity,  is  to  the  magnitude  of  the 
lighter  ingredient  multiplied  into  its  fpecifick  gravi¬ 
ty,  fo  is  the  weight  of  the  heavier  ingredient  to  the 
weight  of  the  lighter. 

The  reafon  of  this  iaftrule  is  obvious  enough  from 
what  has  been  faid  before,  and  the  reafon  of  the  firfl 
may  eafiiy  be  found  out  by  thofe  who  are  qualified 
to  underhand  it  when  demonhrated  *,  I  will  therefore 
pafs  it  over  and  propofe  an  example. 

Let  it  be  the  famous  one  of  king  Hiero* s  Crown. 
Suppofe  then  the  fpecifick  gravity  of  the  gold,  which 
the  king  furnifhed  his  workman  with  for  making  the 
crown  were  as  19,  and  the  fpecifick  gravity  of  the 
crown  as  it  was  debafed,  were  1 6,  and  the  fpecifick 
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gravity  of  the  filver  which  the  workman  ufed  for  that 
purpofe  were  1 1 ,  we  are  from  thefe  data  thus  to  ftate 
our  proportion  according  to  the  firft  Rule.  As  5  the 
difference  of  16  and  11,  the  fpecifick  gravities  of  the 
mixture  and  lighter  ingredient,  is  to  3  the  difference 
of  16  and  19,  the  fpecifick  gravities  of  the  mixture 
and  heavier  ingredient,  fo  is  the  magnitude  of  the 
lieavier  ingredient  gold,  to  the  magnitude  of  the 
lighter  ingredient  filver ;  by  which  it  appears,  that  of 
the  magnitude  of  the  crown,  3  parts  in  8  were  filver. 
Then  by  the  fecond  rule  we  muft  fay  as  95,  the  pro- 
dud:  of  5  and  19,  the  magnitude  and  fpecifick  gra¬ 
vity  of  the  heavier  ingredient  gold,  is  1033  the  pro¬ 
duct  of  3  and  1 1,  the  magnitude  and  fpecifick  gravi¬ 
ty  of  the  lighter  ingredient  filver ;  fo  is  the  weight 
of  the  heavier  ingredient  gold,  to  the  weight  of  the 
lighter  ingredient  filver.  By  which  it  appears  that  of 
the  whole  weight  of  the  crown  33  parts  in  128,  or 
fomewhat  more  than  a  fourth  part  were  filver,  if  the 
circumftances  were  really  fuch  as  we  fuppofed  them 
to  be  (a).  Thus  may  the  finenefs  of  coins  be  examin¬ 
ed  and  the  proportion  of  alloy  be  determined  without 
any  detriment.  And  what  has  been  faid  as  to  metals 
may  be  applied  to  other  bodies  and  even  fluids  to  very 
good  purpofes,  if  due  caution  be  taken. 

Thethirdandlafl:  thing  propofedwas  togivefome 
inftances  of  the  ufefulnefs  of  thefe  enquiries  to  phy» 
ficians,chymifts,  apothecaries,  jewellers,  goldfmiths, 
&c.  Mr.  Boyle  has  treated  this  fubjedt  very  fully  in 
his  excellent  Medicina  Hydroftatica ,  I  will  therefore 

f  a)  The  rule  abovementioned  may  be  thus  found  out.  Let  the 
magnitudes  of  the  gold  and  filver  in  the  crown  be  ^and  B ,  and 
their  fpecifick  gravities  as  a  and  b ;  then,  fince  the  abfolute  gravity 
or  weight  of  any  body  is  compounded  of  its  magnitude  and  fpeci- 
iick  gravity,  the  weight  of  the  gold  is  a  A ,  of  the  filver  b  B,  and  of 
the  crown  a  A- f-  bB~c  x  A  ~\-B  fuppofing  c  is  the  fpecifick  gra¬ 
vity  of  the  mixture.  Hence  a  A  —  c  A^  c  B  —  b  B  and  confe- 
quently  c  —  b:  a  —  c'.  ;  4iB,  which  is  the  rule  abovementioned. 
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tranfcribe  fome  things  from  that  book  of  his  ^  a  few 
will  fuffice  to  encourage  the  reading  of  it  to  thofe  who 
have  not  yet  done  it,  and  many  would  be  tedious  to 
thofe  who  have.  Having  made  it  probable  in  his  trea- 
tifeofgems,  that  divers,  if  not  moil,  of  the  real  vir¬ 
tues  of  precious  Hones  may  in  great  part  proceed  from 
•  the  quantities  of  metalline  and  mineral  fubfiances, 
that  in  the  Hate  of  fluidity  or  foftnefs  were  incorporat¬ 
ed  with  the  Hony  matter,  which  hardened  afterwards 
into  a  gem,  he  was  hence  induced  to  fufped  that  di¬ 
vers  boles,  clayes  and  other  earths,  that  feveral  mi¬ 
nerals  not  looked  upon  as  metalline,  that  feveral 
Hones  which  are  commonly  negledted  for  want  of 
beauty,  may  yet  be  endowed  with  confiderable  medi¬ 
cinal  virtues,  and  perhaps  with  greater  than  the  finer 
gems  themfelves*,  upon  account  of  the  great  quantity 
of  metalline  and  mineral  fubflances,  with  which  they 
might  be  impregnated  whilH  they  were  in  folutisprin- 
cipiis .  The  method  which  he  propofes  for  the  explo¬ 
ration  offoflils,  is  by  finding  their  fpecifick  gravities. 
For  fince  the  moH  pure  and  homogeneous  kind  of 
Hones,  are  in  gravity  to  water  as  about  2  ~  to  1 ;  and 
tin  the  lighten  of  metals  is  about  7  times  heavier  than 
water ;  if  a  Hony  fubitance  be  found  to  exceed  in  gra¬ 
vity  that  proportion  of  24  to  1,  it  muH  be  probable 
that  it  has  in  it  fome  adventitious  matter  of  a  metal¬ 
line  nature,  or  is  at  leaH  commixed  with  fome  mine- 
1  ral  body  more  heavy  than  pure  Hone ;  and  may  there® 

«  fore  very  probably  be  ufefully  applied  to  fome  me- 
ij  dicinal  purpofes.  He  illuHrates  this  matter  by  expe- 
r  riments  made  upon  fome  fubHances  which  are  found 
t|  to  be  ufeful  in  phyfick;  fuch  are  the  lapis  haematites 
ij  or  blood-Hone,  lapis  lazuli ,  the  load-Hone,  and  lapis 
>  calaminaris ,  which  he  found  to  be  in  gravity  to  water 
refpebtively  as  4.15,  3.00,  4.93  and  4.92  to  1. 

A  fecond  ufe  which  he  propofes  of  the  hydroHati- 
f  cal  way  of  enquiry,  is  to  find  out  whether  a  body  pro¬ 
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pounded  as  likely  to  be  a  ftone  of  the  mineral  kind, 
be  fo  indeed.  Thus  coral  which,  fays  he,  fome  take 
to  be  a  plant,  others  a  lithodendron,  but  moft  reckon 
it  among  precious  ftones,  is  in  gravity  to  water  as 
2.68  to  i,  which  favours  the  laft  opinion.  Thus  a 
pearl  was  found  to  be  in  gravity  as  2.^1;  a  calculus  hu- 
manus  was  in  gravity  as  1.7  a  bezoar  as  1.5.  Thefe 
two  laft  he  thinks  ought  to  be  diftinguifhed  from 
common  ftones,  being  fo  much  lighter,  and  he  there¬ 
fore  chufes  rather  to  call  them  animal  ftones  than  fing- 
ly  ftones.  A  third  ufe  which  he  propofes,  is  to  difco- 
ver  the  refemblance  or  difference  between  bodies  of 
the  fame  denomination.  A  fourth  ufe  is  to  difcern  ge¬ 
nuine  ftones  from  counterfeit  ones,  which  may  be  of 
great  help  to  jewellers.  He  inftancesin  fadlitious  co¬ 
ral  and  factitious  gems,  which  he  found  out  that  way: 
not  to  be  genuine.  A  bezoar  which  in  appearance 
Teemed  £0  be  very  fair  and  by  no  means  a  counterfeit, 
and  had  therefore  a  great  price  fet  on  it,  was  the  fame 
way  detedfced,  being  found  to  be  as  ponderous  as  a  mi¬ 
neral  ftone  of  the  fame  bignefs,  whereas  it  ought  to 
have  been  nearly  as  light  again.  Thus  mercury  has 
been  fometimes  found  not  altogether  13  times  and  an 
half  heavier  than  water ,  at  other  times  it  has  beenob- 
ferved  to  be  fomewhat  above  14  times  heavier. 

Now  that  we  may  obferve  this  by  the  way,  here 
may  hence  arife  a  notable  difference  in  two  weather- 
glades  at  the  fame  time  and  in  the  fame  place,  if  the 
mercury  of  the  one  be  not  of  the  fame  gravity  with 
the  mercury  of  the  other,  and  the  difference  may  a  - 
mount  even  to  a  whole  inch.  Thofe  therefore  who 
publifh  regifters  of  the  weather,  ought  alfo  to  find  out 
and  declare  to  the  world  the  fpecifick  gravity  of  the 
quickfilver  they  make  ufe  of  in  their  tubes. 

i  *  m 

After  the  fame  method  may  an.  eftimare  be  made 
of  the  goodnefs  of  any  of  thofe  fubftances  that  com- 
pofe  the  materi&medka 5  which  is  of  great  ufe  to  phy- 
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ficians,  chymifts,  apothecaries  and  druggifts.  Hence 
alfo  may  the  goldfmith  be  affifted  in  judging  of  the 
hnenefs  of  his  metals,  and  the  merchant  in  his  choice 
of  fand  gold  and  other  precious  commodites  which 
are  often  counterfeited ;  and  the  miner  may  hence 
inform  his  judgment  concerning  the  various  fubftan- 
ces  he  meets  with  under  ground. 

To  conclude,  this  excellent  philofopher,  about  the 
end  of  his  book  lets  us  know  the  high  value  he  has  for 
this  method  in  the  following  words.  “  As  little  skill 
<c  as  I  have  in  hydroftaticks  I  would  not  be  debarred 
from  the  ufe  of  them  for  a  confiderable  fum  of  mo* 
£i  ney  ;  it  having  already  done  me  acceptable  fervice, 
5t  and  on  far  more  occafions  than  I  my felf  expected 
at  firft,  efpecially  in  the  examen  of  metals  and  mi- 
< 5  neral  bodies,  and  of  feveral  chymical  produdions. 
**  And  I  have  been  able  more  than  once  or  twice  to 
*c  undeceive artifts  and  other  experimenters,  that  bo- 
“  na  fide ,  believed  they  had  made,  or  were  pojTefTors 
“  of,  Inna  fixa ,  as  they  call  it,  and  other  valuable 
tc  things*,  and  to  make  a  judgment  of  the  genuinenefs 
“  or  falfity,  and  the  degrees  of  worth  and  ftrength 
66  in  their  kind,  of  divers  richer  and  poorer  metal- 
ic  line  mixtures  and  other  bodies,  fome  lblid  and  fome 
tc  liquid,  whofe  fair  appearances  might  otherwife 
have  much  puzzled,  if  not  deceived  me” 

LECTURE  VII. 

The  feveral  phenomena  of  the  Torricellian  experiment 

exhibited  and  explained . 

,  * 

Having  exhibited  the  principal  phenomena  of 
the  Torricellian  experiment  (a),  I  need  not  ufe 
many  words  to  evince  their  dependence  upon  the  gra- 

( a)  The  principal  phenomena  of  the  Torricellian  experiment, 
fo  called  from  the  name  of  its  inventor,  are  reprefented.  by  Fi  g  .3  o, 

1 
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vitation  of  the  air.  Let  us  fuppofe  that  thefe  things 
were  altogether  new  to  us,  and  laying  afide  all  former 
prejudices  in  favour  of  any  hypothecs,  let  us  try  whe¬ 
ther  a  due  confideration  of  the  effeds  which  we  have 
feen,  may  not  be  fufficient  to  lead  us  into  the  know¬ 
ledge  of  their  caufes.  It  appears  at  firft  fight  to  be 
altogether  repugnant  to  the  laws  of  hydroftaticks, 
that  the  quickfilver  within  the  tube  thould  befo  much 
more  elevated  than  that  within  the  veflel  into  which 


In  tlie  following  manner.  Having  filled  a  glafs  tube  with  quickfil¬ 
ver  and  covered  its  orifice  with  your  finger,  and  inverted  it,  and 
Immerfed  the  finger  in  a  veftel  of  quickfilver ;  upon  withdrawing  the 
finger  from  the  orifice,  the  quickfilver  will  never  wholly  fubfide  ; 
If  the  tube  be  long  enough,  it  will  fubfide  in  part,  till  it  refts  at  a  cer¬ 
tain  altitude,  generally  between  3 1  and  2  8  inches ;  but  if  the  tube 
be  fnorter  than  that  altitude,  called  the  ftandard,  it  will  not  fub¬ 
fide  at  all. 

It  is  further  remarkable,  if  feveral  tubes  of  various  lengths,  Chapes 
and  capacities  be  thus  filled  and  inverted,  that  the  furfaces  of  the 
contained  quickfilver  will  reft  exa&ly  upon  the  fame  level  in  all* 
whether  held  upright  or  any  way  inclined.  I  fay  exactly,  provided 
the  bore  of  none  of  the  tubes  be  too  narrow,  and  due  care  be  taken 
In  filling  them  to  expel  all  the  little  air-bubbles  that  adhere  to  their 
infides :  which  may  be  done  by  putting  a  (lender  wire  into  the  tube 
and  ftirring  it  up  and  down ;  or,  if  the  tube  and  quickfilver  be  very 
clean,  as  they  ought,  by  leaving  about  an  inch  or  lefs  of  the  tube 
unfilled,  by  covering  its  orifice  with  your  finger  and  by  inverting  it 
gently,  that  the  air  in  the  vacant  part  may  afcend  gradually  along 
the  tube,  and  fweep  up  the  little  air-bubbles  along  with  it ;  and 
laftly  by  reverting  it  gradually  to  its  former  pofition  and  filling  it 
up  with  quickfilver. 

In  this  latter  method  take  care  that  the  large  air-bubble  may  not 
afcend  too  quick,  left  by  its  rufhing  againft  the  crown  of  the  tube 
with  violence,  it  (hould  break  it.  Alfo  in  emptying  the  tube,  for 
fear  of  the  like  accident,  take  care  firft  to  incline  in  it,  then  to  draw 
the  orifice  gently  above  the  furfaceof  theftagnant  quickfilver,  and 
Immediately  to  immerfe  it  again,  fo  as  to  take  in  but  little  air  at  a 
time. 

This  is  the  way  of  making  a  weather-glafs,  which  will  be  com- 
pleat  when  placed  in  a  common  frame,  having  at  the  fide  a  fcale 
of  three  inches,  divided  into  tenths  as  ufual,  and  placed  at  the  height 
of  z  3  inches  above  the  furface  of  the  quickfilver  in  the  bafon. 

It 
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it  was  inverted.  For  imagining  an  horizontal  plane 
to  pafs  by  the  lower  orifice  of  the  tube  through  the 
the  body  of  the  quickfilver  within  the  veffel,  it  will 
be  evident  that  the  part  of  the  plane  which  is  con¬ 
tiguous  to  and  placed  dire<ftly  under  the  faid  orifice* 
has  a  greater  weight  of  quickfilver  incumbent  upon 
it  than  any  other  equal  part  of  the  fame  plane.  Now 
we  have  often  feen  in  the  former  week,  that  fluids 
cannot  poffibly  reft  in  equiiihrio ,  whilft  the  equal  parts 
of  fuch  an  imaginary  horizontal  plane  are  unequally 
preffed  upon,  which  nevertheiefs  happens  in  our  pre¬ 
sent  experiments  ^  therefore  we  mu  ft  neceffarily  con¬ 
clude,  either  that  the  general  courfe  of  things  is  here 
interrupted  and  that  thefe  phenomena  are  a  fort  of 
miracle  in  nature,  or  that  there  is,  contrary  to  what 
does  at  firft  fight  appear,  an  equality  of  preffure  up¬ 
on  every  part  of  our  imaginary  plane.  If  there  be  that 
equality  of  preffure,  it  muft  proceed  either  from  feme 
increafe  of  the  leffer  or  fome  diminution  of  the  great¬ 
er,  or  perhaps  from  both ;  that  is,  there  muft  either 
be  fome,  as  yet  by  us  unheeded  preffure,  added  to 
that  of  the  quickfilver  in  the  veffel,  or  fomefufpen- 
fion  of  the  quickfilver  in  the  tube,  whereby  its  excefs 
of  gravitation  may  be  taken  off. 

Let  it  then  be  confidered  how  either  of  thefe  ways 
may  be  accounted  for.  If  the  equality  proceeds  from 
fome  preffure  added  to  that  of  the  quickfilver  in  the 
veffel,  it  muft  arife  from  fomething  contiguous  to 
the  furface  of  the  veffelled  quickfilver.  Since  then  the 
furface  is  contiguous  to  the  air  only,  nothing  but  the 
preffure  of  the  air  can  be  that  additional  force  I  have 
hitherto  been  fpeaking  of.  The  preffure  of  the  air  is 
therefore  one  of  the  caufes  we  are  to  examine.  We 
are  alfo  to  confider  of  the  other,  and  to  enquire  how 
the  excefs  of  preffure  of  the  quickfilver  in  the  tube 
may  be  fufpended  *,  and  here  I  muft  needs  confefs  my- 
felf  to  be  utterly  at  a  lofs,  not  being  able  to  imagine 

*  any 


*fhe  phenomena  of  the 


&ny  caufe  fufficient  for  this  effect,  that  fhali  at  the 
fame  time  agree  with  the  reft  of  the  appearances  of 
mature.  Francifcus  Finns  does  indeed  imagine  he  has 
found  out  what  I  defpair  of;  let  him  then  be  anfwer- 
able  for  his  own  conceit,  which  it  may  not  be  impro¬ 
per  in  this  place  to  give  you  fome  account  of ;  and  I 
cannot  do  it  better,  fince  I  have  not  Linus’ s  book  by 
me,  than  in  the  words  of  Dr.  Power .  His  principles 
$re  jthefe. 


1.  That  there  is  an  infeparability  of  bodies,  fo  that 
there  can  be  no  vacuities  in  rerum  natura. 

2.  That  the  deferted  part  of  the  tube  is  filled  with 
a  fmall  film  of  quickfilver,  which  being  taken  off 
from  the  upper  part  of  it,  is  both  extenuated  and  ex¬ 
tended  through  the  feeming  vacuity. 

3.  That  by  this  extended  film  or  rope,  as  he  calls 
it,  of  dilated  quickfilver,  the  reft  of  the  quickfilver 
in  the  tube  is  fufpended,  and  kept  up  from  falling  in¬ 
to  the  veffel. 

4.  That  this  funicle  or  rope  is  exceedingly  rarefied 
and  extended  by  the  weight  of  the  pendent  quickfil- 
ver,  and  will,  upon  removal  of  that  violent  caufe 
which  fo  holds  it,  recontrad  itfelf  into  its  former  di- 
menfions  again,  and  fo  draw  up  what  body  foever  it 
hath  hold  of  along  with  it ;  as  the  effluviums  of  an  e- 
ledrick  body,  upon  its  retreat,  plucks  up  ftraws  or 
any  other  thing  with  it,  that  it  is  able  to  weild. 

5.  That  this  extenfion  of  the  film  of  quickfilver  is 
not  indefinite,  but  hath  a  certain  limit  beyond  which 
it  will  not  be  ftretched ;  and  therefore  if  the  tube  be 
of  an  exceeding  great  height,  the  quickfilver  will  ra¬ 
ther  part  with  another  film  and  extend  that,  and  fo 
a  third  or  fourth  till  it  come  to  the  ftandard  of  29 
inches  where  it  refts,  having  not  weight  nor  power  e- 
nough  to  feparate  another  film  from  it. 

Thefe  are  his  principles,  and  that  you  may  have  a 
tafte  of  the  application  he  makes  of  them,  I  will  add,, 

that 
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that  his  reafon  why  the  quickfilver  in  a  tube  under  29 
inches  defends  not  at  all  is  this,  becaufe  it  flicks 
with  its  uppermofl  furface  fo  clofe  to  the  top  of  the 
tube,  that  there  is  not  weight  enough  to  break  that 
adhefion  •,  the  reafon  whereof  is,  becaufe  there  is  no¬ 
thing  to  fucceed  in  the  room  of  the  defending  quick¬ 
filver,  and  therefore  it  firmly  flicks  there  ne  daretur 
vacuum . 

In  longer  tubes  it  falls  to  that  flandard,  becaufe 
then  the  greater  weight  of  the  quickfilver  is  able  to 
break  that  link  of  contiguity  or  adhefion,  and  there¬ 
fore  the  upper moft  furface  of  the  quickfilver  being 
fliced  off,  is  dilated  into  a  thin  column  or  funicle, 
which  fupplies  that  feeming  vacuity.  Now,  fays  Dr. 
Power,  for  the  pofitive  arguments  to  avouch  his  prin¬ 
ciples  by,  he  has  none  at  all,  only  what  he  fetches  a 
pofteriore,  from  his  commodious  folution  of  difficulties 
and  falving  the  phenomena  better  than  others  have 
done.  This  is  the  hypothefis  of  Linus ,  and  the  only 
one  I  have  met  with  that  pretends  to  account  for  our 
phenomena  by  taking  off  the  excefs  of  gravitation 
of  the  quickfilver  in  the  tube. 

Thus  much  then  we  have  hitherto  eilabliffied,  that 
nature  either  fufpends  her  fettled  laws  for  the  produc¬ 
tion  of  thefe  phenomena,  or  that  there  is  fome  additi¬ 
onal  preffure  communicated  to  the  quickfilver  in  the 
veffel,  which  can  be  no  other,  as  has  been  proved,  than 
the  preffure  of  the  air  which  is  contiguous  to  it;  or 
faftly  that  the  excefs  of  preffure  from  the  quickfilver 
in  the  tubes  is  by  fome  way  or  other,  which  I  confefs 
I  cannot  difcover,  taken  off  or  rendered  ineffectual. 

It  is  unreafonable  to  imagine  that  nature  fhould 
forfake  her  wonted  paths  upon  fo  trifling  an  occafion; 
it  is  certain  we  have  no  precedents  to  warrant  fuch 
a  fufpicion  ;  it  has  indeed  been  flrenuoufiy  maintain¬ 
ed  by  the  fchools,  that  nature  does  at  all  times  fufi 
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pend  any  of  her  laws  to  prevent  a  vacuum ,  to  which 
they  confidently  tell  us  £he  has  a  moft  dreadful  aver- 
fion.  Now  by  nature  they  muff  mean,  if  they  mean 
any  thing,  either  the  author  of  all  created  beings  or 
the  creatures  themfelves ;  if  they  would  be  underftood 
in  the  firfb  fenfe,  they  do  unavoidably  charge  omni- 
fcience  its  felf  with  incogitancy,  fuppofing  him  fo  to 
have  created  the  world  as  continually  to  Hand  in  need 
of  miracles  for  its  prefervation;  it  being  in  their  own 
power  as  often  as  they  pleafe,  to  make  a  trifling  ex¬ 
periment  to  put  him  to  the  necefiity  of  interpofing 
to  hinder  a  vacuum .  If  they  mean  by  nature  the  crea- 
tores  themfelves,  then  they  muflof  necefiity  fall  into 
another  abfurdity,  whilfl:  they  fuppofe  brute  matter 
to  be  Intelligent,  and  to  put  its  felfinto  addon  in  pur- 
fuit  of  fome  determinate  end. 

This  I  prefume  may  be  fufficient  to  expofe  that 
grofs  opinion  concerning  a  fuga  vacuiy  fuppofing  it 
could  account  for  our  experiments,  which  it  cannot  do 
by  any  means.  When  the  length  of  the  tube  was  lefs 
than  30  or  29  inches  or  thereabouts,  the  quickfilver 
as  we  faw  did  not  afcend,  and  thereby  defect  the  top 
of  the  tube,  fo  as  to  leave  a  vacuity  behind  it  *  here 
indeed  it  poflibly  might  be  pretended  that  nature 
went  out  of  her  way  to  prevent  a  vacuum  \  why  then 
was  fhe  not  equally  concerned  to  do  it  when  the  tube 
was  longer  ?  It  muft  at  laft  be  laid  that  her  power 
,is  limited  and  kept  in  by  certain  determinate  laws. 

There  remains  then  but  two  ways  of  explaining 
the  phenomena  we  are  concerned  with.  The  pre fibre 
of  the  air  upon  the  quickfilver  in  the  veflfel,  or  fome 
unknown  caufe  which  takes  off  the  excefs  of  preflure 
from  the  quickfilver  in  the  tube.  Let  us  now  try  whe- 
her  either  of  them  may  poflibly  be  excluded,  fothaC 
at  length  we  may  be  certain  what  to  fix  upon. 

We  may  make  ufe  of  that  ingenious  device  of  Mr* 

Azoui . 
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Azout  as  an  experimentum  cruets  in  cur  prefect  enqui¬ 
ry  (a).  We  are  chiefly  to  attend  to  what  happened  in 
the  upper  tube  and  ciftern.  It  was  evident  that  the 
quickfilver  which  remained  in  the  upper  ciftern,  af¬ 
ter  opening  the  orifice  of  the  lower  tube,  was  free 
from  the  contact  of  the  air ;  if  therefore  the  elevati¬ 
on  of  the  quickfilver  in  the  tubes  in  the  former  ex¬ 
periments,  did  proceed  from  the  prefliire  of  the  air 


(a)  The  inflrument  for  trying  M.  Azout* s  experiment  confifts 
of  feveral  parts.  In  Fi  g  .  3 1 ,  a  b  is  the  lower  bafon,  b  c  the  lower 
tube,  edef  the  upper  bafon,  whofe  bottom  part  is  skrewed  at  c  in¬ 
to  a  hollow  brafs  collar  cemented  round  the  top  of  the  lower  tube, 
and  efg  is  the  upper  tube,  put  through  a  brafs  collar  cemented  to  it 
at /and  skrewed  into  the  upper  part  of  this  bafon.  This  tube  reaches 
almolt  to  the  bottom  of  the  bafon,  covered  over  with  hard  cement ; 
through  which,  towards  one  fide,  there  paffes  a  fmall  pipe  h  z,  fo 
bent,  underneath  the  cement,  towards/che  middle  of  the  bafon,  as  to 
reach  down  towards  the  orifice  of  the  under  tube  c  b. 

The  manner  of  making  the  experiment  is  this.  The  bottom  of 
the  lower  tube  is  furrounded  with  two  parallel  collars  of  hard  ce¬ 
ment,  having  a  neck  between  them,  for  the  convenience  of  tying  a 
piece  of  wet  bladder  very  tight  over  this  orifice  of  the  tube.  Having 
taken  off  the  upper  ciflern  and  tube,  firft  fill  the  lower  tube  with 
quickfilver,  well  purged  of  air-bubbles ;  then  skrew  on  the  upper 
bafon,  and  fill  it  with  quickfilver,  which  will  alfo  fill  the  included 
pipe  h  i ;  then  skrew  in  the  upper  tube  and  fill  it  alfo  with  quick- 
filver,  well  purged  of  air-bubbles,  up  to  the  very  top,  and  tye  a  wet 
bladder  over  it  in  the  fame  manner  as  below. 

Theinftrument  being  thus  filled,  with  a  fmall  penknife  immerfed 
in  the  quickfilver  in  the  lower  bafon,  cut  flits  in  the  lower  bladder, 
for  the  quickfilver  in  the  tubes  to  defeend  through ;  by  which 
means  the  upper  tube  will  firfi:  be  evacuated  and  then  the  upper  part 
of  the  upper  bafon,  as  low  as  the  upper  orifice  of  the  bended  pipe  % 
then  will  this  pipe  be  next  evacuated  and  the  upper  part  of  the  lower 
tube,  fo  far  as  to  leave  no  more  in  it  than  a  column  equal  to  the- 
ftandard  altitude,  as  in  the  Torricellian  experiment  made  with  a 
fingle  tube. 

But  upon  unskrewing  the  upper  tube,  fo  as  to  admit  fome  air  gra¬ 
dually  into  the  upper  bafon,  the  quickfilver  will  afeend  to  the 
fiandard  altitude  in  the  upper  tube,  and  defeend  quite  to  the  bottom 
of  the  lower  tube.  Laflly  upon  pricking  the  upper  bladder  with 
a  pin,  the  admitted  air  will  deprefs  the  quickfilver,  in  this  tube  alfo, 
lo  the  level  of  that  in  this  bafon. 


upon 
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upon  the  quick 01  vef  in  the  ciftern,  becaufe  in  this  up¬ 
per  ciftern  there  was  no  fuch  preffure,  there  ought 
to  be  no  fuch  elevation  ;  but  if  the  elevation  of  the 
quickfil  ver  in  the  former  experiments  did  depend  up¬ 
on  fqme  other  unknown  caufe,  by  which  the  excefs  of 
preffure  from  the  quick 01  ver  in  the  tube  was  taken 
off,  then  ought  the  quickOlver  in  the  tube  to  remain 
alfo  elevated  in  this  experiment,  all  circumftances 
being  the  fame  here  as  in  the  former,  excepting  that 
the  air.  is  here  excluded  from  the  forface  of  the  quick- 
filver  in  the  upper  ciftern.  Since  then  in  this  decifive 
experiment  we  faw  that  the  quickOlver  in  the  upper 
tube  was  not  elevated  as  in  the  former  experiments, 
but  fell  down  to  the  level  of  that  which  was  contain¬ 
ed  in  the  ciftern,  we  may  very  fecurely  from  hence 
conclude,  that  its  elevation  in  the  former  experiments 
was  not  owing  to  any  other  caufe,  but  to  the  preffure 
of  the  air  only. 

Fora  further  confirmation1  of  this  conduOon,  which 
yet  needs  not  any,  we  may  obferve,  that  as  the  air  was 
permitted  gradually  to  enter  into  the  upper  ciftern, 
fo  was  the  quickOlver  gradually  elevated  in  the  up¬ 
per  tube,  till  it  had  attained  its  ftandard  altitude  of 
about  29  or  30  inches;  and  at  the  fame  time  the 
quickOlver  in  the  lower  tube  was  depreffed  gradual¬ 
ly,  till  it  was  reduced  to  the  level  of  that  in  the  lower 
ciftern.  For  the  air  being  buffered  to  prefs  equally  pu- 
on  the  quickOlver  in  the  lower  tube  and  upon  that  in 
the  lower  ciftern,  there  is  now  no  reafon  why  it  fhould 
be  any  longer  elevated,  as  it  was  when  the  air  preff- 
ed  only  upon  that  within  the  ciftern.  You  will  here¬ 
after  meet  with  ftill  further  proofs  and  confirmations 
of  the  air’s  preffure. 

It  is  now  our  bufinefs  to  account  for  that  obferva- 
tion,  which  was  made  upon  thefe  experiments,  that 
the  perpendicular  altitude  of  the  quickOlver  in  the 
tube  above  that  in  the  ciftern  is  conftantly  the  fame, 
whatever  be  the  length,  widenefs,  Ogure  or  fituation 
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of  it.  We  have  feen  already  that  the  preflure  of  th& 
air  is  that  additional  force  which  counterballancesthe 
excefs  of  gravity  from  the  quickfilver  in  the  tube;  it 
will  follow  from  hence  that,  that  part  of  the  upper 
furface  of  the  quickfilver  in  the  ciftern  which  is  con¬ 
tained  within  the  orifice  of  the  tube,  is  juft  fo  much, 
neither  more  nor  lefs,  p  re  fifed  upon  by  the  quickfilver 
in  the  tube,  as  any  other  equal  part  of  the  fame  fur- 
face  is  prefixed  upon  by  the  weight  of  the  column  of 
air  incumbent  on  it. 

We  faW  in  the  laft  week,  that  the  preflure  of  all 
fluids  upon  any  propofed  plane  was  according  to  their 
altitudes  ;  that  as  long  as  the  altitude  was  the  fame, 
the  prefifure  was  alfo  the  fame,  though  the  quantity  of 
the  prefling  fluid  was  never  fo  much  altered,  either 
by  being  contained  in  a  vefifel  differently  figured  or 
differently  inclined.  Therefore  in  all  the  cafes  of  the 
experiments  which  have  been  made  this  day, the  pref- 
fure  of  the  quickfilver  contained  in  the  tubes,  how¬ 
ever  figured  or  fi mated,  is  every  where  the  fame,  and 
every  where  equal  to  the  preflure  of  the  air  upon  the 
other  equal  parts  of  the  furface  of  the  quickfilver  in 
the  ciftern,  becaufe,  as  we  faw,  the  altitude  is  always 
the  fame.  The  elevation  of  the  quickfilver  always  to 
the  fame  height,  ought  not  then  to  be  urged  as  an  ar¬ 
gument  againft  what  we  have  proved,  that  the  gra¬ 
vitation  of  the  air  is  the  caufe  of  the  phenomena  in 
the  Torricellian  experiment,  fince  we  havefhewn  it 
to  be  a  neceflary  erfedt  of  that  caufe. 

Let  us  now  proceed  to  thofe  experiments  which 
were  made  to  determine  the  force  requifite  to  bear  up 
the  inverted  tube  (a).  We  obferved  that  the  force- 

fa)  In  Fig.  32,  ab  reprefents  the  Torricellian  tube  immerfed 
in  a  bafon  of  quickfilver,  and  fufpended  at  the  beam  of  a  ballance 
by  the  firing  a ,  lapped  about  the  end  of  the  tube  and  fattened  to  it 
with  hard  cement.  The  tube  being  counterpoifed  with  weights  in 
the  oppofite  fcalgp  its  orifice  plays  freely  within  the  quickfilver  in 

was 
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was,  as  nearly  as  we  could  eftimate  it,  equal  to  the 
weight  of  the  tube  and  the  quickfilver  contained  in 
it ;  abating  the  weight  of  fo  much  quickfilver  as  was 
equal  in  magnitude  to  the  partimmerfed.  This  phs^ 
nomenon  does  at  firft  view  feem  to  difagree  with 
■What  we  have  hitherto  advanced,  and  to  favour  the 
funicular  hypothecs;  accordingly  the  patrons  of  that 
hypothecs  have  not  been  wanting  to  make  ufe  of  it 
for  their  purpofe.  For  if  the  preffure  of  the  air  upon 
the  furface  of  the  quickfilver  in  the  veffel,  be  the  true 
caufe  of  the  elevation  of  the  quickfilver  in  the  tube* 
it  fhould  feem  that  the  weight  of  the  quickfilver  in 
the  tube,  being  fuftained  by  that  preffure  of  the  air* 
ought  not  in  the  leafl  to  be  perceived  by  the  hand  of 
him  who  holds  up  the  tube  *,  and  that  he  ought  to  be 
fenfible  only  of  the  bare  weight  of  the  tube.  Since 
then  the  weight  of  the  quickfilver,  as  appears  by  our 
experiments,  does  alfo  feem  to  load  the  hand,  it  may 
perhaps  be  fufpected  that  the  quickfilver  is  conned-- 
ed  to  the  top  of  the  tube  by  Linus's  rope." 

But  we  ought  to  obferve  that  this  weight,  which 
at  firit  fight  one  would  be  apt  to  aferibe  to  the  quick¬ 
silver  contained  in  the  tube,  is  not  in  reality  the  weight 
of  the  quickfilver,  that  being  unqueftionably  fup- 
ported  by  the  preffure  of  the  air  upon  the  ftagnant 
quickfilver  of  the  ciftern  below,  but  is  the  weight  of 
the  column  of  air  incumbent  upon  the  crown  of  the 

die  bafon,  and  is  hindered  from  afcending  accidentally  above  it,  hy 
a  table  placed  under  the  oppofite  fcale.  With  your  finger  immerf- 
ed  in  the  quickfilver,  having  covered  the  orifice  of  the  tube  and 
Ihut  up  the  column  within  it,  take  it  up  and  incline  it  gradually 
till  it  be  quite  inverted,  then  putting  the  clofed  end  into  the  Quick¬ 
filver  in  the  bafon,  hang  the  open  end  upon  the  ballance  by  the 
Itring  b ,  and  the  beam  will  again  be  in  equilibrio  as  before 

oc.  /3  reprefents  a  like  tube,  fhorter  than  the  ftandard  altitude, 
which  being  hung  at  the  ballance  by  the  firing  x  or  /3  at  either  end, 
will  alfo  counterpoife  the  fame  weight  in  both  portions.  I  believe 
Dr,  W zllis  was  the  inventor  of  this  experiment. 

tube* 
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tube,  which  is  equivalent  to  the  weight  of  the  quick- 
filver  contained  in  the  tube,  and  which  we  therefore 
unwarily  are  apt  to  look  upon  as  the  very  weight  of 
that  quickfilver  it  felf  For  the  weight  of  that  air 
ought  in  this  experiment  to  be  perceived  by  the  bai- 
lance,  or  by  the  hand  of  him  who  held  up  the  tube, 
fince  it  is  not  counterbalanced  and  fo  taken  off  b^ 
an  equal  preflure  from  below,  as  it  is  when  the  tube 
is  empty;  that  counterballance  being  nOw  otherways 
employed  in  bearing  up  the  quickfilver  within  the 
tube. 

There  have  been  feveral  warm  difputes,  but  to  lit¬ 
tle  purpofe, about  thefpace  in  the  top  of  theTorricel- 
lian  tube,  which  is  deferted  by  the  defcending  quick¬ 
filver,  fome  holding  it  to  be  an  abfolute  vacuity,  o» 
thers  denying  that  there  is  Or  can  be  any  fuch  thing 
in  nature.  Their  materia  fubtilis  is  always  ready  upon 
any  difficulty,  and  they  employ  it  a  thoufand  ways 
as  occafion  requires.  This  we  may  fecurely  affirm, 
and  it  is  fufficient  for  our  purpofe,  that  the  defers 
ed  fpace,  if  it  be  not  altogether  free  from  the  com¬ 
mon  air  we  breathe,  yet  is  fo  as  to  all  fenfe ;  which 
we  may  be  certain  of  by  inclining  the  tube ;  for  the 
quickfilver  will  again  repoffefs  the  fpace  it  had  for¬ 
merly  quitted, which  it  could  not  do,  were  that  fpace 
taken  up  by  the  air.  We  may  indeed  fometimes,  up¬ 
on  inclination,  perceive  fome  air  ftill  lurking  behind, 
but  the  quantity  of  it  is  generally  fo  fmall,  if  care  be 
taken  in  making  the  experiment,  that  it  deferves  not 
to  be  regarded. 
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Mr.  VkfdkVs  imitation  of  the  Torricellian  experiment  by 
water  \  other  experiments  of  the  like  nature  with  flu - 
ids  varioufly  combined  %  the  preffure  of  the  air  fhewrt 
by  experiment  to  be  different  at  different  altitudes  froM 
the  fluff  eke  of  the  earth « 

I  procured  the  apparatus  for  thatchargeable and4 
trou  blefome  experiment  of  Mr.  Pafchal{a )  rather 
as  a  curiofity  than  as  abfolutely  neceflary  to  our  pur- 
pofe  *,  for  lince  the  preffure  of  the  air  was  able  to 
keep  thequickfilver  in  theTorricellian  tube, elevated 
to  the  altitude  of  about  29  or  30  inches,  as  we  yefter- 
day  faw,  we  might  without  making- the  experiment- 
fafely  conclude,  that  the  fame  preffure  of  the  air 
would  be  fufficieUt  to  keep  water  elevated  in  the  Paf- 
calian  tube  to  an  altitude  about  14  times  greater;  that 
is,  to  about  34  feet.  For  fince  quickfilver,  as  we  found 
by  the  hydroftatical  ballance,  is  about  14  times  fpe- 
cifically  heavier  than  common  water,  fo  the  altitude 
of  water  requifite  to  counterballance  the  preffure  of 
the  air,  ought  to  be  about  14  times  as  great  as  the 
altitude  of  quickfilver  requifite  for  the  fame  purpofe» 
But  matter  of  fadt  is  always  more  convincing  than  a- 
ny  reafon  how  well  foever  it  be  grounded,  and  what 
we  fee  with  our  eyes  is  always  more  fatisfadlory  than 
any  relation  of  what  has  been  done  by  others.  We 
have  therefore  ventured  to  repeat  that  noble  experi¬ 
ment,  which  had  alfo  been  tried  by  others  with  fuc- 
cefs,  though  not  very  often  by  reafon  of  the  great 
difficulty  in  managing  it. 

Mr.  Pafcal  is  faid  to  be  the  firft  that  attempted  it 
The  learned  and  induftriousjefuit  GafparSchottushz.s9 

( a)  The  bert  way  of  trying  this  experiment  is  fufhciently  de¬ 
fer  i  bed  in  the  feauel  gf  the  le&ure. 
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In  his  T echnica  curiofa ,  given  us  an  account,from  a  let¬ 
ter  of  Mr.  Roberval ,  of  the  motives  which  chiefly 
induced  Mr.  Pafcal  to  make  this  tryal.  He  tells  us 
from  that  letter,  that  Mr.  Pafcal  did  at  Roan  in  Nor¬ 
mandy  exhibit  this  experiment  with  water  and  wine, 
in  tubes  of  cryflal  glafs  40  feet  long,  which  were  Ax¬ 
ed  to  the  mail  of  a  fhip,  that  was  contrived  to  be 
raifed  and  depreflfed  as  need  required.  Healfo  informs 
us  that  the  occafion  of  having  recourfe  to  tubes  of 
that  length,  was,  that  when  feveral  learned  men  law 
the  quickfilver  in  the  Torricellian  experiment,  when 
it  deferted  the  upper  part  of  the  tube,  fo  to  defcend 
as  always  topofiefs  in  the  lower  part  of  the  tube,  the 
altitude  of  2  Paris  feet  and  3  \  inches  nearly,  mea- 
fured  perpendicularly  from  the  furfaceof  the  quick- 
fiver  in  the  veflfel  underneath,  thev  divided  into  dif- 
ferent  opinions;  and  fome  of  them  who  were  peripati- 
ticksafertec,thatin  the  upper  part  of  the  tube, defert¬ 
ed  by  the  quickfilver,  there  was  contained  fome  fpirits 
evaporated  from  the  quickfilver,  which  being  rare¬ 
fied  did  fill  that  part,  thereby  helping  nature  now 
put  to  her  fhifts,  againft  her  mortal  enemy  a  vacuum . 
NowMr.P<3/2w/,  thathe  might  plainly  convince  thefe 
men  of  their  error,  procured  (fays  R.obervai)  cryflal 
tubes  of  40  feet  in  length  to  be  tied  to  a  mall,  and 
engines  to  be  applied  as  wasfaid  before ;  and  having 
fixed  upon  a  day  and  a  fpacious  place  near  the  glafs- 
houfe,  he  invited  all  to  be  prefentto  fee  wonders. 

Now  Mr.  Pafcal  had  privately  made  a  calculation 
of  water  and  wine,  compared  with  quickfilver  as  to 
their  gravities,  that  thence  he  might  find  out  the  al¬ 
titude  due  to  each  of  them,  fo  as  they  might  equi¬ 
ponderate  ;  and  he  found,  that  taking  2  Paris  feet  and 
3  i  inches  for  the  altitude  of  quickfilver,  the  altitude 
due  to  the  water  muft  be  3 1  feet  and  about  ~ ;  and 
in  like  manned  the  altitude  due  to  the  wine  mufl  be 
31  feet  and  p  nearly.  Then  before  he  opened  any 
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thing  of  his  defign,  by  queftioning  them  he  eafily 
made  them  confefs  that  there  was  certainly  a  greater 
quantity  of  fpirits  in  wine  than  in  water;  fo  that  if 
the  experiment  could  be  made  with  thofe  liquors,  the 
wine  would  leave  a  greater  fpace  in  the  top  of  the 
tube  than  the  water,  provided  the  tubes  were  of  the 
equal  lengths.  This  being  allowed  him,  the  mail  was 
fhewn  with  the  tubes  tied  to  it, which  being  filled,  the 
one  with  water,  the  other  with  wine,  and  their  orifi¬ 
ces  being  clofed,  the  mail  was  erefred,  and  veffels 
were  applied  to  the  orifices,  the  one  filled  with  wine, 
the  other  with  water,  into  which  the  orifices  were  im- 
merfed,  the  tubes  flill  remaining  full  till  their  orifi¬ 
ces  were  opened ;  which  when  done,  the  liquors  con¬ 
tained  in  the  tubes  did  fodefcend,  as  that  after  they 
came  to  reft,  the  altitude  of  the  water  in  its  tube,  a- 
bove  the  furface  of  the  water  in  the  veflfel  below,  was 
3 1  feet  and  about  l ,  but  the  altitude  of  the  wine  was 
fomewhat  greater,  being  31  feet  and  about  j- ;  the 
upper  parts  of  both  tubes  remaining  to  appearance 
void  of  any  thing,  as  is  ufual  in  the  Torricellian  ex¬ 
periment. 

The  liquors  in  the  tubes  were  afterwards  changed, 
that  being  filled  with  water  which  was  before  filled 
wine,  and  that  with  wine  which  was  before  filled  with 
water ;  notwithftanding  this,  no  alteration  was  ob- 
ierved  as  tb  the  altitudes.  Thus  did  he  confute  his  ad- 
verfaries  from  their  own  conceflions,  fhewing  them, 
if  their  hypothefis  were  true,  that  a  greater  fpace  was 
necefTarily  occupied  by  the  fpirits  of  water  than  by 
thofe  of  wine,  and  confequently  that  water  was  more 
fpirituous  than  wine ;  contrary  to  all  reafon  and  ex¬ 
perience. 

Let  us  now  come  to  thofe  experiments  which  were 
made  by  combining  two  different  fluids  in  the  fame 
tube.  The  trials  we  made  were  with  quickfilver  and 
water,  quickfilver  and  air,  -v^ter  and  air,  and  thefe 
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are  fufficien  t  to  let  us  underftand  what  the  even  t  wou  Id 
be  if  any  other  fluids  be  made  ufeof.  We  have  feen 
that  quickfilver  is  elevated  by  the  preffure  of  the  air 
to  about  29  inches  and  a,  and  water  to  about  34  feet. 
It  is  eafy  then  to  underftand  that  a  mixture  of  quick* 
filver  and  water,  muft  needs  be  raifed  by  the  fame 
preffure  to  fome  intermediate  altitude  ;  what  that  al¬ 
titude  will  precifely  be,  muft  be  determined  by  the 
particular  quantity  of  water  we  employ  in  the  ex* 
periment. 

Let  us  fuppofe  that  the  quickfilver  we  make  ule 
of  is  14  times  fpecifically  heavier  than  the  water,  and 
that  the  ftate  of  the  weather  is  fuch,  that  the  weight 
of  the  air  is  equipollent  to  30  inches  of  that  quickfil¬ 
ver,  as  it  often  happens  to  be  ;  putting  then  28  inches 
of  water  into  the  tube,  we  may  thus  compute  before 
hand  what  the  event  will  be:  28  inches  of  water  are 
equal  in  weight  to  2  inches  of  quickfilver,  28  inches 
being  equal  to  14  times  2  inches  of  quickfilver,  as 
the  fpecifick  gravity  of  quickfilver  is  14  times  greater 
than  the  fpecifick  gravity  of  water;  but  the  air  was 
able  to  fuftain  30  inches  of  quickfilver  by  fuppofi- 
tion;  fince  then  thefe  28  inches  of  water  are  equal  but 
to  2  of  the  30,  there  remains  28  inches  more  of  quick¬ 
filver  to  equal  the  preffure  of  the  air.  The  whole 
compound  then  of  quickfilver  and  water  will  be  fuff 
tained  at  the  altitude  of  twice  28  or  56  inches. 

Suppofe  again  that  14  inches  of  water  were  placed 
in  the  tube;  then  becaufe  14  inches  of  water  are  e- 
quivalent  to  one  of  quickfilver  ;  taking  that  one  inch 
x  from  30  as  before,  there  will  remain  29  due  td  the 
quickfilver,  fo  that  the  whole  compound  of  quick¬ 
filver  and  water  together  will  ftand  at  43  inches. 

If  q  uickfilver  and  air  be  to  be  combined  togethei 
in  the  fame  tube,  it  will  be  much  more  difficult  to 
make  an  eftimate  of  the  altitude  at  which  the  quick¬ 
filver  will  ftand,  than  in  the  former  cafe  ;  the  problem 
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is  properly  algebraical,  and  he  who  willfolve  it  muft 
do  it  analytically,  for  which  reafon  I  fhallomititia 
this  place  and  invert  the  problem.  Inftead  of  com¬ 
puting  at  what  height  the  quickfilver  will  ftand  for 
any  propofed  quantity  of  air  lodged  in  the  top  of  the 
tube,  I  will  here  fhew  how  to  determine  the  quanti¬ 
ty  of  air  which  being  placed  in  the  upper  part  of  the 
tube,  wiil  caufe  the  quickfilver  to  reft  at  any  given 
altitude  lefs  than  the  Torricellian  ftandard. 

The  rule  may  be  thus  ftated  :  as  the  ftandard  al¬ 
titude  of  the  quickfilver  in  the  Torricellian  tube  at 
the  time  of  making  the  experiment,  is  to  the  defect 
of  the  propofed  altitude  from  that  ftandard,  fo  is  the 
length  of  that  upper  part  of  the  tube  which  is  to  be 
left  free  from  quickfilver  after  inverfion,  to  the  length 
of  that  part  of  the  tube  which  is  to  be  left  free  from 
quickfilver  before  the  inverfion. 

I  will  fir  ft  endeavour  to  make  this  rule  clearly  tin- 
derftood  by  an  example  or  two,  and  then  give  the 
reafon  of  it.  Suppofe  at  a  time  when  the  altitude  of 
the  quickfilver  in  the  Torricellian  tube  or  barometer 
is  30  inches,  it  were  required  to  fill  a  tube  of  36  inches 
partly  with  quickfilver  and  partly  with  air,  fo  that 
after  inverfion  the  altitude  of  the  quickfilver  may  be 
20  inches.  Let  us  fuppofe  that  when  the  tube  is  in¬ 
verted,  one  inch  of  it  is  immerfed  in  the  ftagnant 
quickfilver  of  the  vefiel  below,  fo  that  there  remains 
but  35  inches  above  the  furface  of  the  ftagnant 
quickfilver;  the  defeeft  of  the  propofed  altitude  20 
inches  from  the  ftandard  altitude  30  inches,  is  equal 
to  1  o  inches ;  the  length  of  the  upper  part  of  the  tube 
which  is  to  be  left  free  from  quickfilver  after  inverft- 
©n,  is  15  inches;  for  there  being  but  35  inches  of 
the  tube  extant  above  the  furface  of  the  quickfilver 
in  the  vefiel,  and  20  of  thefe  35  being  poftefted  by 
the  quickfilver,  there  will  remain  15  free  from  the 
quickfilver;  we  muft  fay  then,  by  the  rule,  as  30 
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inches,  the  ftandard  altitude,  are  to  io  inches  the  de- 
fed:  of  the  propofed  altitude  from  the  ftandard,  fo 
.are  1 5  inches,  the  length  of  the  upper  part  of  the  tube 
to  be  left  free  from  quickfilver' after  inverfion,  to  5 
inches,  the  length  of  that  part  of  the  tube  which  is 
to  be  left  free  from  quickfilver  before  the  inverfion. 
If  then  we  fill  the  tube  with  quickfilver  excepting  5 
inches  which  we  leave  to  be  poflefied  by  the  air,  then 
doling  the  orifice  we  invert  it,  thefe  5  inches  of  air 
will  readily  afcend  to  thetopof  the  tube  •,  afterwards 
immerfing  the  lower  end  an  inch  deep  under  the 
quickfilver  in  the  veffel,  when  we  uncover  the  ori¬ 
fice,  the  quickfilver  will  immediately  fail  down  to 
the  altitude  of  20  inches,  which  was  the  thing  pro¬ 
pofed  to  be  effected-*  and  the  air  which  did  juft  be¬ 
fore  poftefs  only  5  inches,  will  now  upon  the  retreat 
of  the  quickfilver  dilate  itfelf  to  15. 

In  this  example  the  tube  was  3  6  inches  long,  which 
is  more  than  the  ftandard  •,  fuppofe  now  it  were  but 
24  which  is  lefs  than  the  ftandard ;  let  an  inch  as  be¬ 
fore  be  immerfed  in  the  veffel,  there  will  then  be  but 
23  extant,  and  let  it  be  propofed  to  find  out  how  much 
air  muft  be  left  in  the  tube  before  inverfion,  to  make 
the  quickfilver  reft  at  the  altitude  of  18  inches  after 
•inverfion.  The  defect  of  1 8  inches  from  the  ftandarS 
is  1 2  inches ;  the  upper  part  of  the  tube  which  is  to 
be  free  from  the  quickfilver,  is  5  inches,  1 8  of  the 
23  inches  extant  being  to  be  poftefted  by  it.  Say  then 
as  30,  the  ftandard,  is  to  .12,  the  defedt  of  the  alti¬ 
tude  propofed  from  the  ftandard,  fo  is  5,  the  part 
free  from  quickfilver  after  inverfion,  to  2,  the  part  to 
be  left  free  from  quickfilver  before  inverfion.  If  then 
the  tube  be  filled  with  quickfilver  excepting  2  inches, 
after  inverfion  the  quickfilver  will  reft  at  the  altitude 
of  1 8  inches. 

In  order  to  malce  out  this  rule  we  muft  obferve,  in 
the  firft  place,  that  there  is  a  fpring  or  elaftical  power 

G  4  m 


88  Combination  of  Led,. 

In  the  air  we  live  in  ;  by  which  I  mean  that  our  air 
either  confifts  of,  or  at  leaft  abounds  with  parts  of 
fuch  a  nature,  that  in  cafe  they  be  compreffed  and 
thereby  reduced  into  leffer  dimenfions,  either  by  the 
weight  of  the  incumbent  part  of  the  atmofphere,  or 
by  any  other  force,  they  endeavour  as  much  as  in 
them  lies,  to  free  themfelves  from  that  preffure,  and 
to  regain  their  former  dimenfions,  by  bearing  againft 
the  contiguous  bodies  that  keep  them  in.  This  is 
what  any  one  may  obferve  in  a  blown  bladder;  the 
air  contained  in  it  may  by  the  force  of  his  hands  be 
reduced  into  a  leffer  fpace,  but  then  as  foon  as  the 
Force  is  removed,  it  will  immediately  expand  itfelf as 
before,  and  you  may  perceive  even  whilft  you  com- 
prefs  it,  a  very  great  endeavour  to  free  itfelf  from  the 
violence  you  offer  to  it. 

In  the  fecond  place  we  may  obferve,  that  this  e~ 
Jaftical  or  expanfive  power  of  the  air  is  equivalent  to 
the  force  which  compreffes  it ;  for  were  it  lefs,  it 
would  ftill  yield  to  a  further  degree  of  compreflion, 
and  were  it  greater,  it  would  not  fuffer  itfelf  to  be  fo 
much  reduced,  a<fiion  and  reaction  being  always  e- 
qual.  It  follows  from  hence,  that  the  elaftick  power 
of  any  fmall  parcel  of  the  air  we  breathe,  is  equiva¬ 
lent  to  the  weight  of  the  incumbent  part  of  the  at¬ 
mofphere,  that  weight  being  the  force  which  confines 
It  to  the  dimenfions  it  poffeffes.  Though  this  aflerti- 
on  may  at  firft  view  feem  a  paradox,  yet,  as  was  faid 
before,  if  the  elafticity  or  fpring  of  this  fmall  porti¬ 
on  of  air,  were  not  fo  great  as  the  weight  of  the  in¬ 
cumbent  part  of  the  atmofphere,  it  would  yield  to 
that  weight  and  permit  itfelf  to  be  confined  in  nar¬ 
rower  bounds. 

In  the  third  place  we  may  take  notice,  that  by  a 
greater  compreffion,  the  air  is  ftill  reduced  into  leffer 
dimenfions,  and  on  the  contrary,  its  dimenfions  are 
enlarged  as  its  comprefiion  is  dkninifhed.  We  cannot 
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by  any  reafoningalone  find  out  what  fort  of  proportion 
the  dimenfions  bear  to  the  compreflions.The  Author 
of  nature  might  have  ordered  thefe  things  otherwife 
than  he  has  done  by  infinite  variations ;  wemufl:  there¬ 
fore  by  experiments  try  what  is  the  conftitution  of  na¬ 
ture.  Idefign  therefore  at  our  next  meeting  to  attempt 
this  buflnefs,  and  I  hope  then  to  demonftrate,  that 
the  fpace  which  any  propofed  quantity  of  air  at  any 
time  poflefies,  is  reciprocally  as  the  force  which 
comprefies  it. 

When  i  fay  the  fpace  is  reciprocally  as  the  force, 
I  mean  that  the  fpace  is  diminifhed  in  the  fame  pro¬ 
portion  in  which  the  force  is  increafed,  and  increafed 
in  the  fame  proportion  in  which  the  force  is  diminifh¬ 
ed  :  thus  a  double  force  reduces  the  air  into  half  the 
fpace,  a  triple  force  reduces  it  into  a  third  part  of  the 
fpace  it  poflefled  before  ;  fo  half  the  force  permits  the 
air  to  expand  itfelf  into  double  the  fpace,  and  a  third 
part  of  the  force  permits  to  expand  itfelf  into  a  fpace 
triple  of  that  which  it  peflefled  before. 

Now  the  force  of  elafticity,  being  as  I  have  alrea¬ 
dy  proved,  equal  to  the  force  of  compreflion,  it  will 
follow  tjiat  the  force  of  elaflicity  is  reciprocally  as  the 
fpace  which  the  air  takes  up:  which  property  I  will 
at  this  time  take  for  granted,  and  proceed  to  make 
out  the  truth  of  our  rule. 

In  Fig.  33  and  34,  let  a  e  be  the  tube  propofed, 
b  c  the  altitude  at  which  the  quickfilver  is  to  ftand, 
b  d  the  ftandard  altitude  in  the  Torricellian  experi¬ 
ment.  The  preflure  of  the  atmofphereupon  the  fur- 
face  of  the  veflel  below  is,  in  the  Torricellian  experi¬ 
ment,  ballanced  by  the  column  of  quickfilver  b  dy 
or  b  rand  c  d  together;  in  our  prefent  experiment 
it  is  ballanced  by  the  weight  of  the  column  b  c  and 
the  preflure  downwards  of  the  air  e  r,  contained  in 
the  top  of  the  tube,  upon  the  upper  furface  c  of  the 
elevated  quickfilver ;  which  preflure  arifes  not  from 
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the  weight  of  that  included  air,  for  that  iValtogether 
Inconftderable,  but  from  its  elafticity  or  endeavour  to 
enlarge  its  dimenfions,  which  it  can  no  otherways  do 
but  by  depreffing  the  quickfilver  ch\  the  weight  of 
the  columns  be  and  c d  is  therefore  equivalent  to 
the  weight  of  b  e  and  the  elaftick  force  of  the  air  c  e9 
both  being  equivalent  to  the  preffure  of  the  atmo- 
fpere  upon  the  lurface  of  the  vefieL  The  weight  of 
the  column  of  quickfilver  e  d  is  therefore  equivalent 
to  the  elaftick  force  of  the  included  air  c  e. 

Let  e  f  be  the  fpace  which  that  air  in  its  natural 
Hate  did  pofiefs,  when  it  was  firft  lodged  in  the  top  of 
the  tube,  before  it  had  depreffed  the  quickfilver  to 
c,  and  by  its  fpring  expanded  itfelf  to  its  new  dimen- 
lion  e  c.  Its  elaftick  force  whilft  it  was  in  its  natu¬ 
ral  extent  e  /,  was  equivalent  to  the  preffure  of  the 
atmofphere,  as  has  been  already  proved  ;  and  there¬ 
fore  equivalent  to  the  weight  of  the  column  of  quick¬ 
silver  b  d. 

Thus  far  then  have  we  hitherto  proceeded;  we  have 
found  that  the  elafticity  of  air  in  the  fpace  of  e  c,  is  e- 
quivalent  to  the  weight  me  dy  that  the  elafticity  of 
the  fame  air  in  the  fpace  e  f  is  equivalent  to  the 
weight  of  b  the  elafticity  in  therefore  is  to  the 
elafticity  in<?r  as  to  dc. 

Now  by  the  property  of  the  air  which  I  told  you 
was  to  be  proved  to  morrow,  that  the  elafticity  is  re¬ 
ciprocally  as  the  fpace,  it  follows  that  the  elafticity 
of  the  air  in  e /,  is  to  its  elafticity  in  e  c9  as  the 
fpace  eeto  the  fpace  ef.  Therefore  as  bd  is  to  fa* 
fo  is  ecx.oef\  that  is,  as  the  ftandard  altitude  in 
the  Torricellian  tube  at  the  time  of  making  the  expe¬ 
riment,  is  to  the  defeat  of  the  propofed  altitude  from 
that  ftandard,  fo  is  the  length  of  the  upper  part  of 
of  the  tube  which  is  to  be  left  free  from  quickfilver 
after  the  inverfion,  to  the  length  of  that  part  of  th« 
tube  which  is  to  be  left  free  from  quickfilver  before 
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the  inverfion ;  and  this  is  what  I  undertook  to  make 
out  (b).  The  fame  rule  will  hold  good  with  a  fmall 
alteration,  if  inftead  of  quickfilver  we  would  combine 
water  and  air  together  in  a  tube  of  any  propofed 


(b)  Fig.  33,  34.  Having  ef  to  find  ec  or  cb,  is  the  convert 
pf  the  foregoing  propofition,  and  as  the  author  obferved  above,  is 
to  be  folved  analytically. 

By  the  allowed  property  of  air,  that  its  elafticity  is  reciprocally 
as  the  fpace  it  poffeffes,  we  had  c  c  :  ef : :  b  d  :  d  c ,  or  e  c  x  dc  rrs 
fcdx  ef;  which  fhews  that  the  queftion  abftradtly  confidered,  is 
only  to  find  a  point  c,  in  a  given  line  e  d  produced,  at  which  the 
reftangle  under  ce  and  c  d,  {hall  be  equal  to  the  given  rectangle  un¬ 
der  b  d  and  ef.  Now  hnce  the  fides  ce ,  c  d  are  related  both  alike  to 
their  difference  d  e,  and  confequently  both  determinable  by  a  \i\m 
analyfis,  it  would  be  arbitrary  to  feek  either  of  them  rather  than 
the  other  ;  which  intimates,  that  a  fimpler  and  better  way  will 
be,  to  bifefl  their  given  difference  d e  mg,  Fig.  35,  and  to  feek 
their  half  fum  g  c. 

Hence  we  have  ce  =  eg  — J-  gd  and  cd  =  eg  —  gd,  and  ce  x  cd 
—  cg  gd  x  cg  — gd  —  eg  — gd 1  = bdfjf  byjftie  ..condition 
pf  the  problem  :  which  gives  thisTheorem,  cgz  ~  gd%  bd  xef 
or,  —  bdxef 

We  had  an  example  in  pag.86,  where  bdrm  30  inches,  de  —  ^ 
and  f  Here  de  or  dg  —  2.5.  and,  by  the  Theorem, 

tg~\/6. 25  -+-  1 5.6  1 2.5 ;  whofe  difference  cd  —  io  and  fum 

ce  mr  15,  and  the  column  cb  =  20  inches. 

But  inftead  of  the  Theorem  for  arithmetical  computation,  if  a 
geometrical  conftrudtion  be  defired ;  in  F 1  c . 3  5 , 3  6,  to  the  ftandard 
altitude  b  d  add  dh  ~ef  and  upon  the  diameter  b  b  deferibe  a 
femicircle  b  i  h ,  cutting  in  i  a  line  d i  drawn  perpendicular  to  the 
fube;  then  bifetting  de  mg,  and  joining  gz*,a  circle  deferibed  with 
the  center  £  and  femidiameter  g  i,  will  cut  the  tube  in  the  point  c 
where  the  furface  of  the  column  of  quickfilver  will  reft. 

This  will  appear  from  the  Theorem  cgx  ==  gd 1  — 1-  b  d  x  e f — ■ 
gd1  ~vb  dxdh  by  conftru&ion,  —gd2  -t  d  r  by  the  known 

property  of  the  femicircle  b  i  h,  —gi 2  by  the  property  of  the  right 
angled  triangle  g  d i. 

But  if  a  fynthetical  demonftration  be  defired,  let  the  circle  c  i  cut 
the  produced  tube  in  k,  then  b  d  x  ef  ==  b  d  x  dbby  conftrudlion 

di 1  by  the  known  property  of  the  circle  b  i  hi  =  d c  x  dk  by 
the  like  property  of  the  circle  elk,  dc  x  e  c ;  and  by  revolving 
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length.  We  mull  then  fay  as  the  ftandard  altitude  of 
the  water  in  thePafcalian  experiment,  which  is  com¬ 
monly  about  34  feet,  is  to  the  defeat  of  that  propof- 
ed  altitude  of  the  water  from  the  ftandard,  fo  is  the 
length  of  the  upper  part  of  the  tube  which  is  to  be 
left  free  from  water  after  inverfion,  to  the  length  of 
that  part  of  the  tube  which  is  to  be  left  free  from  wa¬ 
ter  before  inverfion. 

We  may  now  go  on  to  the  experiment  that  was 
made  at  the  top  and  bottom  of  the  Obfervatory, 
which  affords  us  as  fenfible  an  argument  for  the  air’s 
preffure  as  can  well  be  defired,  and  of  the  difference 
of  that  preffure  at  different  altitudes  (c).  I  muft  con- 
fefs  I  cannot  fee  any  objection  that  may  with  the  lead 

the  firft  and  la  ft  rectangles  into  a  proportion  of  their  Tides,  we  have 
e  c  :  ef  ::  bd :  d  c ;  therefore,  by  the  property  of  the  air’s  fpring, 
the  furface  of  the  quickfilver  will  reft  at  c. 

The  problem  abftradtly  conftdered,  has  two  anfwers,  becaufe  the 
circle  c  i  k  cuts  the  produced  line  de  in  two  points ;  whereof  k  has 
this  property  in  our  particular  problem,  that  if  the  fpace  e  k  be  fill¬ 
ed  with  a  column  of  quickfilver,  having  a  vacuum  above  it,  its  up¬ 
per  furface  will  reft  at  k,  as  that  of  the  lower  column  does  ate;  be¬ 
caufe  the  fpring  of  the  air  included  in  the  fpace  c  e,  is  equipollent: 
to  the  weight  of  a  column  whofe  length  is  ek  or  cd. 

(c)  Fig.  37.  Having  with  a  red  hot  iron  burned  a  moderate 
hole  length-ways  through  a  cork,  and  fqueezed  it  hard  into  a  glafs 
bottle,  whofe  bottom  is  covered  with  water  about  an  inch  deep ;  and 
having  run  aglafs  tube,  open  at  both  ends,  through  the  hojfpin  the 
cork,  quite  down  into  the  water,  and  covered  the  top  of  the  cork 
with  cement,  to  hinder  the  air  from  palling  by  the  fides  of  it  j 
with  your  mouth  applied  to  the  top  of  the  tube,  force  feme  air 
downwards  into  the  water,  till  it  rifes  in  bubbles  above  its  furface, 
and  increafes  the  quantity  of  air  within ;  whofe  fpring,  by  prefiing 
ftronger  now  than  before  on  the  furface  of  the  included  water,  will 
raife  it  in  the  tube  above  the  mouth  of  the  bottle.  Then  having 
placed  the  bottle  in  any  convenient  velfel,  and  covered  it  all  over 
with  fait  or  land,  to  keep  the  included  air  of  the  fame  tempera¬ 
ture  ;  after  the  furface  of  the  elevated  water  is  quite  fettled  at  any 
place  of  the  tube,  mark  it  by  tying  a  thread  about  the  tube  or  o- 
therwife.  Then  having  carried  the  velfel  up  to  the  higheft  place  at 
hand,  you  will  find  the  water  rifen  higher  in  the  tube,  and  refting 
above  the  mark :  which  plainly  Ihev/s  that  the  preffure  of  the  air . 

degree 
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degree  of  probability  be  urged  againft  it.  I  ftiall  not 
therefore  go  about  to  obviate  any.  What  I  think 
moft  pertinent  to  obferve  concerning  it,  is  this,  that 
we  are  not  only  from  hence  convinced  of  the  weight 
of  the  air,but  may  hereby  alfo  determine  the  propor¬ 
tion  of  its  fpecifick  gravity  to  that  of  water.  The 
difference  in  height  of  the  two  places  in  which  we 
made  the  experiment  is  54  feet,  and  that  difference  in 
height  caufed  the  difference  of  ^  of  an  inch  in  the 
height  of  the  water.  By  which  it  appears  that  a  co¬ 
lumn  of  water  of  \  of  an  inch  or  of  a  foot,  is  equi¬ 
ponderant  to  a  ^column  of  air  of  54  feet  having  the 
fame  bafis.  Therefore  the  gravity  of  water  is  to  that 
of  air,  as  54  to  T~  or  as  864  to  1. 

We  might  have  made  with  the  Torricellian  tube 
an  experiment  like  this,  to  fhew  the  different  pref- 
fure  of  the  air  at  different  diftances  from  the  furface 
of  the  earth,  had  the  Obfervatory  been  much  higher 
than  it  is.  At  the  altitude  of  54  feet  the  afcent  of  the 
quickfilver  would  be  too  fmall  to  ground  any  thing 
upon,  being  but  about  ~  of  an  inch.  It  was  there¬ 
fore  neceffary  to  make  ufe  of  the  contrivance  you  have 
feen,  to  fupply  the  defe£t  of  fome  very  high  moun¬ 
tain,  upon  which  had  any  fuch  been  near  us,  we  might 
have  obferved  a  fenfible  alteratic  a  even  with  the  Baro¬ 
meter.  Such  an  experiment  was  formerly  made  at  the 
defire  and  by  the  dirediion  of  Mr.  Pafcal ,  in  the  year 
1648,  upon  the  Puy  de  Domme,  a  very  high  moun¬ 
tain  in  France.  It  was  then  obferved  that  in  amend¬ 
ing  3000  Paris  feet,  the  quickfilver  in  the  tube  fell 

upon  the  furface  of  the  water,  is  now  lefs  than  it  was  below-ftairs. 
For  the  air  within  the  bottle  being  of  the  fame  temperature  as  be¬ 
fore,  preffes  by  its  fpring  upon  the  included  water  within  the  fame 
force ;  which  being  ballanced  in  part  by  a  column  of  water  in  the 
tube,  now  longer  and  heavier  than  the  former,  mult  have  its  total 
ballance  made  up  by  the  weight  of  a  lighter  column  of  air  incum-. 
bent  upon  the  heavier  column  of  water. 


down 
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down  3  inches  and  4  ol  an  inch.  To  reduce  this  to 
Englilh  meafure,  we  may  fay  that  afcending  3204 
English  feet, the  height  of  the  quicldilver  was  abated 
3  inches  and  ~  of  an  inch.  Another  experiment  like 
this  was  made  by  Mr.  Cafwell  upon  Snowdon  Hill 
in  Wales;  he  found  that  the  height  of  3720  feet  a- 
bated  the  quick  hi  ver  3  inches  and -A. 

It  may  not  be  amifs  here  to  add  the  fefult  of  a  com¬ 
putation  which  I  made  of  the  weight  of  all  the  air 
which  preffes  upon  the  whole  furface  of  the  earth.  If 
this  weight  were  to  be  expreffed  by  the  number  of 
pounds  it  contains,  that  number  would  be  fo  large  as 
to  be  in  a  manner  incomprehenfible.  I  will  therefore 
make  ufe  of  another  way  of  expreffing  it,  by  deter¬ 
mining  the  diameter  of  a  fphere  of  lead*  of  the  fame 
weight  with  all  the  air  which  preffes  upon  the  whole 
furface  of  the  earth.  Now  that  diameter  was  found  to 
be  very  nearly  60  miles  long,  If  any  one  has  a  defire 
to  make  this  calculation  after  me,  he  may  proceed  up¬ 
on  thefe  grounds.  T  hat  the  weight  of  a  column  of  air 
reaching  to  the  top  of  the  atmofphere,  is  molt  com¬ 
monly  equal  to  a  column  of  water  having  the  fame 
bafis,  and  the  altitude  of  34  feet ;  that  the  femidia- 
meter  of  the  earth  is  equal  to  20949655  feet,  and 
that  the  fpecifick  gravity  of  water  is  to  that  of  lead 
1000  to  1 1325. 


lecture  ix. 

Toe  denfity  and  fpring  of  the  air  proved  to  be  as  the  force 
which  comprefes  it ,  and  from  hence  an  enquiry  is  made 
into  the  limits  and' ft  ate  of  the  atmofphere . 

It  was  proved  yeflerday  that  the  air  has  a  fpring  or 
elaftical  power,  by  which  it  conifantly  endea¬ 
vours  to  expand  itfel’f ;  and  that  the  force  of  that 
fpring  is  always  equivalent  to  the  force  by  which  the 

air 


air  is  compreffed ;  but  we  did  at  the  fame  time  take  for 
granted  that  the  fpace  which  the  air  poffeffes  is  reci¬ 
procally  as  that  force,  and  confequently  its  denfity  di- 
reflly  as  the  fame.  Let  us  now  try  by  making  experi¬ 
ment,  whether  the  aftertion  will  hold  true.  The  air 
may  be  either  more  rare  or  more  denfe,  than  it  is  in  that 
conftitution  of  it,  which  we  commonly,  but  perhaps 
fomewhat  improperly,  call  its  natural  ft  ate.  We  will 
therefore  by  two  different  fets  of  experiments  make 
our  trials  upon  it,  firft  when  it  is  more  and  afterwards 
when  itislefs  expanded  than  as  we  ufually  breathe  it* 
Let  ae  in  Fig.  3.3,  be  a  tube  hermetically  fealed 
at  the  end  of  e  and  open  at  the  end  a ;  placing  the  end 
^downwards,  if we  fill  the  whole  tube  with  quickfil¬ 
ver  excepting  a  certain  fpace,.  which  we  leave  to  be 
poffeffed  by  the  air,  then  flopping  the  orifice  a  and 
inverting  the  tube,  we  permit  the  included  air  to  a- 
fcend  into  the  fpace  ef  afterwards  iramerfing  the  end 
a  into  a  veffel  of  quickfilver,  we  open  the  orifice* 
which  was  before  clofed,  the  quickfilver  will  defcend 
to  c,  and  the  air  ef  will  thereby  expand  itfelf  into 
the  fpace  ec.  Now  if  bd  be  the  ftandard  altitude  in 
the  Torricellian  experiment,  you  may  remember  it 
Was  yefterday  proved  that  the  force  by  which  the  air 
was  compreffed,  whilft  it  was  contained  in  the  fpace 
ef,  was  equivalent  to  the  weight  of  the  column  of 
quickfilver  b  d ;  and  the  force  with  which  it  was  com¬ 
preffed  whilft  in  the  fpace  ec,  was  equivalent  to  the 
weight  of  the  column  of  quickfilver  dc.  If  then  we  find 
by  making  experiment  that  the  fpace  ec  is  conftantly 
to  the  fpace  ef,  as  the  force  which  compreffes  the  air  in 
the  fpace  ef,  is  to  the  force  which  compreffes  the  fame 
air  in  the  fpace  ec,  that  is,  as  the  weight  of  the  column 
bd  to  the  weight  of  the  column  dc,  or  as  the  length 
bd  is  to  the  length  dc,  we  may  fafely  conclude  that 
the  fpace  which  the  air  when  rarefied  poffeffes,  is  re¬ 
ciprocally  as  the  force  which  compreffes  it. 

To  examine  alfo  whether  the  fame  proportion  holds 
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true  for  condenfed  air,  wemaymakeufe  of  atubebent 
up  i ike  that  in  Fig.  38,  whofe extremity  n is fuppofed 
to  be  open,but£  to  be  hermetically  fealed  up.Pouring 
in  then  juft  fo  much  quickfilver  as  will  fill  the  bottom 
ik,  fo  as  to  fhut  up  the  air  ig  from  making  its.efcape, 
if  the  furfaces  of  the  quickfilver  at  i  and  k  be  both 
upon  the  level,  we  may  conclude  that  the  preffure  of 
the  air  ig  upon  the  furface  i,is  equivalent  to  the  weight 
of  that  part  of  the  atmofphere  which  preftes  upon& ; 
and  therefore  that  the  weight  of  a  column  of  quickfil¬ 
ver  of  the  ftandard  altitude,  is  equivalent  to  the  force 
which  compreftes  the  air  ig .  After  this  if we  pour  in 
more  quickfilver  at  n  till  it  afcends  in  the  longer  leg 
to  m,  we  lhall  at  the  fame  time  perceive  it  to  rife  in 
the  fhorter  leg  to  h ,  and  therefore  the  air  which  be¬ 
fore  did  pofTefs  the  fpace  ig,  will  be  condenfed  and 
reduced  to  the  fpace  hg.  Now  in  this  cafe  it  is  evi¬ 
dent  that  the  force  which  compreftes  the  air  into  the 
fpace  hg,  is  equivalent  to  the  weight  of  the  column 
of  quickfilver  I  m,  befides  the  weight  of  a  column  of 
the  ftandard  altitude,  if  l  be  upon  the  level  with  h . 
If  then  we  find  upon  trial,  that  the  fpace  hg  is  con- 
ftantly  to  the  fpace  ig,  as  the  force  which  compreftes 
the  air  whilft  it  is  contained  in  the  fpace  ig,  is  to  the 
force  which  compreftes  the  fame  air  whilft  it  is  con¬ 
tained  in  the  fpace  hg,  that  is,  as  the  ftandard  alti¬ 
tude  is  to  the  ftandard  altitude  and  the  altitud zlm 
together,  we  may  alfo  conclude,  that  the  air  when 
condenfed  does  always  poflefs  a  fpace  which  is  reci¬ 
procally  as  the  force  which  compreftes  it. 

Let  us  try  then  whether  the  event  will  nearly  an- 
fwer  what  weexpedb.  We  may  be  certain  there  will 
be  fome  fmall  difference  after  all  the  cautions  we  can 
poftibly  take,  unlefs  the  bores  of  the  tubes  ec  and giy 
Fig. 3 3, 3 8,  be  truly  cylindrical,  which feldom  or  ne¬ 
ver  happens ;  and  the  caufeof  that  difference  which 
may  arife  is  this,  that  we  fuppofe  the  fpaces  ef  and 
ec,  gi  and  gh  to  be  to  each  other  as  their  lengths, 

which 
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which  fuppofition  is  erroneous  unlefs  the  tubes  be 
perfect  cylinders. 

Having  yefterday  made  it  appear  from  reafon,  that 
the  fpringor  elaftick  power  of  the  air  is  as  the  force 
which  compreffes  it,  and  having  this  day,  as  iar  as 
the  unavoidable  irregularity  of  tubes  would  permit 
us,  fhewnby  feveral  experiments  that  the  denfity  is 
alfo  as  the  laid  force,  the  fpace  it  poffefles  bftng  al¬ 
ways  reciprocally  as  that  force ;  we  are  now  furnifhed 
with  fufficient  data  to  make  our  enquiries  concerning 
the  limits  of  the  atmofphere,  and  to  determine  its 
Hate,  as  to  rarity,  at  different  elevations  from  thsv 
earth’s  furface. 

If  the  air  were  of  the  fame  confidence  as  to  its  ra¬ 
rity  or  denfity  at  all  altitudes,  it  would  be  no  diffi¬ 
cult  thing  to  fet  bounds  to  it.  We  collected  from  the 
experiment  which  was  yefterday  made  at  the  top  and 
bottom  of  the  Obfervatory,  that  the  fpecifick  gravi¬ 
ty  of  water  is  about  850  times  greater  than  the  fpe¬ 
cifick  gravity  of  air  (which  thing  will  hereafter  be 
further  examined  by  an  experiment  particularly  fit¬ 
ted  for  that  purpofe)  and  in  the  foregoing  week  we 
found  by  the  hydroftatical  ballance,  thatquickfilver 
is  about  14  times  heavier  than  water ;  it  follows  then 
of  confequence  that  quickfilver  is  14  times  850  de¬ 
grees  heavier  than  air,  that  is,  11900  times  heavier. 
We  have  feen  by  the  Torricellian  experiment,  that  a 
column  of  quickfilver  of  29  finches  isufually  acoun- 
terpoife  to  a  column  of  air,  having  the  fame  bafe  and 
reaching  to  the  top  of  the  atmofphere ;  if  therefore 
the  air  be  every  where  of  the  fame  denfity  as  it  is  here 
below,  its  altitude  ought  as  many  times  to  exceed  the 
height  of  29  f  inches  (which  is  the  height  of  an  equi¬ 
ponderant  column  of  quickfilver)  as  its  fpecifick  gra¬ 
vity  falls  fhort  of  the  fpecifick  gravity  ol  quickfil¬ 
ver  ;  that  is,  the  height  of  the  atmofphere  ought,  up¬ 
on  the  fuppofitionof  an  every  where  uniform  denfity, 
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to  be  1 1900  times  29-  inches,  or  fomewhat  above 

51  miles. 

But  it  may  be  eafily  proved  that  this  fuppofition 
does  in  no  wife  take  place.  For  fmce  every  region 
of  the  air  is  compreft  by  that  part  of  the  atmofphere 
which  is  fuperior  to  it,  and  fince  the  higher  parts 
have  a  lefter  weight  incumbent  upon  them  than  the 
lower,  and  fince  the  denfity  of  the  air  is  every  where 
as  the  force  which  compreffes  it ;  it  will  follow  of  ne- 
ceffity  that  there  is  flill  a  greater  rarity  of  the  air  as 
it  is  further  diftant  from  the  furface  of  the  earth. 
How  far  the  air  may  poflibly  admit  of  rarefaction 
and  condenfation,  has  not  yet,  that  I  know  of,  been 
determined  by  any  one.  Mr.  Boyle  has  obferved  that 
it  may  be  fo  dilated  as  to  become  10000  times  rarer 
than  it  is  in  its  natural  ftate.  Dr.  Halley  fays  that  he 
himfelf  has  feen  air  comprefifed  fo  as  to  be  60  times 
denfer  than  it  is  as  we  commonly  breath  it ;  and  Mcn- 
fieur  Papin  relates  that  he  was  a  witnefs  that  Mon- 
fieur  Huygens  did  once  in  a  glafs  veffel  comprefs  air 
to  the  fame  degree  before  the  glafs  was  broken ;  yet 
never  could  any  experimenter  determine  how  much 
farther  air  might  pofiibly  be  rarefied  or  condenfed. 
However  it  is  certain  there  are  in  nature  fome  limits  , 
which  cannotbe  exceeded.  No  condenfation  can  reach 
fo  fir  as  to  caufe  a  penetration  of  parts;  and  if  the 
rarefaction  of  the  air  be  ftill  greater,  as  its  diftance 
from  the  furface  of  the  earth  increafeth,  its  fpring  will 
at  length  be  fo  weakened,  that  the  force  with  which 
every  particle  of  it  endeavours  to  tend  upwards,  from 
the  particles  which  are  next  below  it,  will  be  weaker 
than  the  force  of  its  own  gravity  which  endeavours 
conftantly  to  detain  it.  The  rarefaClion  of  the  air 
mu  ft  therefore  be  bounded  where  thefe  two  oppo- 
fite  forces  come  to  ballance  each  other. 

Though  this  be  cerrainly  true  that  the  air  cannot  pofi 
fibly  expand  itfelf  beyonda  certain  meafure  upon  ac¬ 
count 
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count  of  its  gravity,  yet  fmee  men  have  not  hitherto 
been  able  to  fet  any  bounds  to  its  utmoftexpanfion, 
it  is  equally  certain,  that  we  cannot  poflibly  define 
the  limits  of  the  atmofphere.  For  as  the  air  may  be 
more  and  more  rarefied,  fo  will  the  fame  quantity  of 
it,  which  equals  the  weight  of  about  30  inches  of 
quickfilver,  be  contained  in  a  greater  fpace,  and 
thereby  thofe  limits  be  fo  much  the  wider. 

Notwithftanding  this  feeming  difficulty,  we  may 
flill  collet  how  much  the  air  is  rarefied  at  any  pro- 
pofed  altitude  from  the  furfaceof  the  earth,  after  the 
following  manner. 

In  Fig.  39,  let  xaapx  reprefent  a  vefiel  reaching 
from  the  furface  of  the  earth  a&  to  the  top  of  the  at¬ 
mofphere  x\  and  let  us  imagine  the  fide  ax  divided 
into  inchest,  be ,  cd,  &c,  and  let  the  lines  M,  cl,  dm , 
en,  &c,  be  drawn  parallel  to  aa.  It  is  evident  that 
the  air  contained  between  bk  and  cl,  is  rarer  than  the 
air  contained  between  a&  and  bk,  the  former  having 
a  lefier  column  of  air  xclx  incumbent  upon  it  than 
the  column  xbkx,  which  prefles  upon  the  latter.  Up¬ 
on  the  fame  account  the  air  between  cl  and  dm  is  rarer 
than  that  between  bk  and  cl,  and  that  between  dm  and 
en  rarer  than  that  between  cl  and  dm  •,  and  thus  eve-* 
ry  fuperior  inch  of  air  is  rarer  than  that  below  it. 

Let  us  now  fuppofe  that  every  inch  of  air  is  in  all 
parts  of  it  of  an  equal  denfity,  or  that  the  air  ok  is  e- 
very  where  uniform,  but  denfer  than  the  air  hi,  which 
is  alfo  fuppofed  to  be  every  where  uniform,  but  denf¬ 
er  than  cm,  and  that  to  be  uniform  itfelf,  but  denfer 
than  dn,  and  fo  onwards. 

Again  let  us  fuppofe  that  the  air  bl  is  reduced  to 
a  lefier  fpace  bq,  fo  as  to  become  equally  denfe  with 
the  air  ak,  which  is  done  by  making  the  fpace  bq  leff- 
er  than  bl,  in  the  fame  proportion  that  the  air  bl  is 
lefs  denfe  than  the  air  ak ;  after  the  lame  manner  let 
the  air  cm  be  reduced  to  the  fpace  cr,  and  the  air  dn 

H  2  to 


too  The  denfrty  and Jpfing  of  air  Lech 

to  the  fpace  ds,  and  fo  onwards,  that  thus  every  inch 
of  air  may  be  reduced  to  the  fame  confiftence  with 
the  air  ak. 

Now  it  is  evident  from  this  conftrueftion,  that  the 
fpaces  ak,  bq,  cr ,  ds,  &c,  will  every  where  be  as  the 
denfities  refpecftively  of  the  feveral  inches  of  air,  ak, 
ll,  cm ,  dnm9  and  it  is  alfo  evident,  that  the  quantity 
or  weight  of  the  air  which  reaches  from  any  one  of 
thofe  fpaces  up  to  the  extremity  of  the  atmofphere, 
will  every  where  be  as  the  fum  of  all  the  fpaces  which 
are  fituated  above  the  fpace  propofed.  Thus  the 
quantity  or  the  weight  of  air  above  the  fpace  ak ,  will 
be  as  the  fum  of  t(ie  fpaces  %  rr,  ds9  et,  fu,  &c,  and 
the  quantity  or  weight  of  air  above  the  fpace  cr,  will 
be  as  the  fum  of  the  fpaces  d$,  et,  fu,  &c.  For  the  air 
being  every  where  reduced  to  the  fame  confiftence, 
the  quantity  or  weight  of  it  will  be  as  the  fpace  it 
po  fie  fifes. 

Thefe  things  being  laid  down  I  may  now  without 
much  difficulty  proceed  toeftablifti  the  conclufion  I 
am  at,  which  is  this  *,  That  if  any  number  of  diftances 
from  the  furface  of  the  earth  be  taken  in  an  arith¬ 
metical  progreffion,  the  denfities  of  the  air  at  thofe 
diftances  will  be  in  a  geometrical  progreffion. 

For  fince  by  the  experiments  which  have  this  day 
been  made,  it  appears  that  the  denfity  of  the  air  is 
always  as  the  force  which  com pre lies  it,  we  muft  con¬ 
clude  that  the  denfity  of  the  air  at  any  diftance  from 
the  furface  of  the  earth,  is  as  the  quantity  or  weight 
of  that  part  of  the  atmofphere  which  is  above  it. 
Therefore  in  our  fcheme,  the  denfities  of  the  air  be¬ 
tween  aa  and  bk,  bk  and  cl,  cl  and  dm,  &c,  are  to  each 
other  refpedlively  as  the  quantities  of  air  above  a* s, 
bk,  cl ,  &c,  up  to  the  extremity  of  the  atmofphere9 
But  we  faw  before  that  thofe  denfities  were  as  the 
fpaces  ak,  bq,  cr,  &c,  refpedlively,  and  thofe  quanti¬ 
ties  of  air  reaching  to  the  extremity  of  the  atmofphere 
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were  as  the  fpaces  xbfiqrstvx,  xcyrstvx ,  xdSstvx  re- 
Jpedively ;  it  follows  then  that  the  fpaces  ak^  bq,  cr 
are  to  each  other  refpedively  as  the  fpaces  xh$qrstvxy 
xcyrstvx ,  xdSstvx, 

Now  the  former  fpaces  ak,  bq,  cr  are  the  differences 
of  the  latter,  and  it  is  well  known  to  thofe  who  un¬ 
der  (land  any  thing  of  the  nature  of  proportions,  when 
any  fet  of  quantities  are  to  each  other  refpedively  as 
their  differences,  that  then  as  well  the  quantities  them- 
felves,  as  their  differences,  are  in  a  geometrical  pro* 
greffion  (a). 

The  fpaces^,  bq ,  cr ,  are  therefore  in  a  geometri¬ 
cal  progreffion,  as  the  diftances  ab ,  ac9  ad  are  in  an 
arithmetical  progreffion.  And  as  the  denfities  of  the 
air  belonging  to  thefe  three  firfl  inches,  are  in  a  geo¬ 
metrical  progreffion,  fo  do  the  denfities  of  the  air  be¬ 
longing  to  every  one  of  the  other  inches,  which  are 
fuppofed  to  be  continued  up  to  the  extremity  of  the 
atmofphere,  decreafe  in  the  fame  geometrical  pro¬ 
greffion,  as  any  one  without  difficulty  may  colled  by 
the  fame  way  of  reafoning. 

I  have  hitherto  fuppofed  for  eafe  of  conception, 
that  the  air  is  of  the  fame  denfity  in  every  part  of 
each  inch  of  altitude  9  nevertheless  it  is  certain  that 
every  the  lead  variation  of  altitude  caufes  a  variation 
of  denfity  in  the  air.  Theconclufion  however  will  not 
hereby  be  difturbed  \  for  if  inflead  of  dividing  the 
altitude  of  the  atmofphere  into  inches  as  before, 
we  conceive  it  now  to  be  divided  into  its  moft  inde¬ 
finitely  minute  parts,  applying  to  thefe  what  we  have 
faid  above  concerning  the  inches,  we  fhall  at  length 
deduce  the  fame  geometrical  progreffion  of  denfities 
anfwering  to  a  like  arithmetical  progreffion  of  alti¬ 
tudes. 


fa)  Suppofi Qa:a—b  ::  b  :  b  —  e  : :  c  :  c~d\  \  &C,  th^ncon* 
verfely  w« have a  \  b  w  b  \  c\  \  c  \  d\  \  & c9 
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Now  becaufe  the  rarity  of  any  body  is  reciprocally 
as  its  denfity,  we  may  alio  conclude  that,  as  the  di- 
ftances  from  the  furface  of  the  earth  do  increafe  in  an 
arithmetical  progrelTion,  fo  do  the  different  degrees 
of  rarity  of  the  air  increafe  in  a  geometrical  progref- 
fion. 

This  property  of  the  air  was  firfl,  that  I  know  of, 
obferved  by  Dr.  Halley ,  but  becaufe  his  demonftra- 
tion  cannot  be  underftood  by  thofe  who  are  unac¬ 
quainted  with  the  nature  of  the  hyperbolick  line,  and 
Dr.  Gregory  in  his  demonflration  of  the  fame  thing, 
which  may  be  feen  in  the  fifth  book  of  his  Aftronomy, 
fuppofes  his  reader  to  be  furnifhed  with  fo  much  geo¬ 
metry  as  not  to  be  ignorant  of  the  properties  of  the 
logarithmick  line,  I  have  endeavoured  to  make  the 
thing  intelligible  by  a  method  which  may  be  eafy  e- 
ven  to  thofe  who  have  never  medled  with  curvilinear 
figures. 

Let  u.s  fee  now  what  help  we  have  from  this  pro** 
perty,  to  determine  how  much  the  air  is  really  rare¬ 
fied  at  any  propofed  elevation  from  the  furface  of 
the  earth. 

Since  the  elevations  are  the  terms  of  an  arithmeti¬ 
cal  progrelTion  as  the  rarities  are  the  terms  of  a  geo¬ 
metrical,  it  follows  that  the  elevation  is  every  where 
proportionable  to  the  logarithm  of  the  rarity.  If  then 
by  experiment  we  can  poflihly  find  the  rarity  of  the 
air  at  any  one  elevation,  we  may  by  the  rule  of  pro¬ 
portion  find  what  is  the  rarity  at  any  other  propofed 
elevation:  by  faying,  as  the  elevation  at  which  the 
experiment  was  made,  is  to  the  elevation  propofed, 
fo  is  the  logarithm  of  the  air’s  rarity  which  was  ob¬ 
ferved  at  the  elevation  where  the  experiment  was 
made,  to  the  logarithm  of  the  air’s  rarity  at  the  ele¬ 
vation  propofed. 

Thus  I  collected  from  the  celebrated  French  expe¬ 
riment  at  the  Puy  de  Domme ,  which  I  yeftercfay  gave 
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you  an  account  of,  that  at  the  altitudeof  7  miles  the 
air  is  fo  me  what  above  4  times  rarer  than  at  the  fur- 
face  of  the  earth.  By  the  fame  method  I  collected 
from  the  experiment  of  Mr.  CaJwell ,  made  upon 
Snowden  Hill,  that  at  the  fame  altitude  of  7  miles  the 
air  is  not  altogether  fo  much  as  4  times  rarer  than  at 
the  furface  *  the  difference  on  both  lides  was  inconfi- 
derable.  We  may  take  a  mean  therefore  and  fay  in  a 
round  number,  that  at  the  altitude  of  7  miles  the  air 
is  about  4  times  rarer  than  at  the  furface  of  the  earth. 

Sir  Ifaac  Newton  in  his  late  additions  to  his  Op- 
ticks,  makes  ufe  of  this  very  proportion  (£),  what 
grounds  he  went  upon  is  difficult  to  guefs,  however 
I  am  fatisfied  of  the  conclufion  from  my  own  com¬ 
putation.  Now  from  what  has  been  already  proved, 
that  the  rarity  of  the  air  is  augmented  in  a  geometri¬ 
cal,  as  the  altitude  is  augmented  in  an  arithmetical 
progreffion,  it  follows  that  every  feven  miles  added 
to  the  altitude,  does  always  require  a  rarity  of  the  air 
Hill  4  times  greater.  Therefore  at  the  altitude  of  14 
miles  the  air  is  16  times  rarer  than  at  the  furface, 
at  the  altitude  of  2 1  miles  it  is  64  times  rarer,  at  the 
altitude  of  28  miles  256  times,  at  35  miles  1024 
times,  at  70  miles  about  a  million  of  times,  at  14a 
miles  a  million  of  million  of  times,  at  210  miles  a 
million  of  million  of  millions  of  times,  if  the  air  can 
poffibly  expand  itfelf  to  fo  large  dimenfions. 

Hence  we  may  eafily  gather  that  the  air  at  the  al¬ 
titude  of  500  miles,  if  the  atmofphere  can  reach  fo 
far,  muft  neceffarily  be  there  fo  much  rarefied,  that  if 
a  globe  of  the  air  we  breath  in,  of  an  inch  diameter, 
were  as  much  dilated,  it  would  polTeffs  a  larger  fpace 
than  the  whole  fphere  of  Saturn.  The  femidiameter 
of  the  earth  is  nearly  4000  miles,  which  is  8  times  5 


(b)  In  the  laft  edition  he  makes  it  4  times  rarer  at  the  height 
of  7  4  miles,  and  16  times  rarer  at  15  miles,  and  foon,  but  gives 
no  reafon  for  this  alteration, 
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hundred  miles  *,  with  good  reafon  then  might  that  exp¬ 
edient  philofopher  I  have  lately  been  mentioning* 
tell  us  in  his  Principia,  that  the  air  at  the  altitude  of  a 
femidiameter  of  the  earth,  is  at  leafl  fo  wonderfully 
rarefied  as  I  have  decribed  it  to  be  at  an  altitude  8 
times  lefs. 

It  appears  from  the  obfervations  of  aftronomers  of 
the  duration  of  twilight,  and  of  the  magnitude  of 
the  terreftrial  fhadow  in  lunar  eclipfes,  that  theeflfed 
of  the  atmofphere  to  refled:  and  intercept  the  light 
of  the  fun,  is  fenfibleeven  to  the  altitude  of  between 
40  and  50  miles.  So  far  then  we  may  be  certain  that 
the  atmofphere  reaches,  and  at  that  altitude  v/e  may 
colled,  from  what  has  been  already  faid,  that  the  air 
is  about  10000  times  rarer  than  at  the  furface  of  the 
earth.  How  much  farther  than  this  altitude  of  be- 
tween  40  and  50  miles  the  atmofphere  may  be  ex¬ 
tended,!  muft  confefs  I  am  altogether  ignorant,  there 
being  no  data ^  that!  know  of,  from  which  a  greater 
altitude  may  indubitably  be  concluded. 

There  has  indeed  been  often  feen  in  the  atmofphere 
fame  very  luminous  parts,  even  near  the  zenith  about 
midnight,  but  I  dare  not  conclude  any  thing  from 
fuch  appearances.  If  I  fhouid  afiert,  as  fome  have 
done,  that  thefe  luminous  parts  are  nothing  elfe  but 
fome  terreftrial  exhalations  floating  in  the  air  at  a  pro¬ 
digious  altitude,  and  thereby  refleding  the  light  of 
the  fun,  which  they  are  expofed  to  at  that  great  height, 
to  our  eyes,  it  will  be  next  to  impoflible  to  give  any 
tolerable  account,  how  thofe  exhalations  can  be  denle 
enough  to  refled  fo  copious  a  light  at  that  vaft  di- 
ftance,  and  at  the  fame  time  be  fupported  by  a  medi¬ 
um,  I  may  fay,  almoft  infinitely  rarer  than  the  air 
we  breath  in.  It  feems  more  probable  that  thefe  ex¬ 
traordinary  lights  proceed  from  fome  felf-fhiningfub^ 
fiance  or  aerial  phofphorus. 
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A  furprifmg  appearance  of  this  kind  was  feen  here 
at  Cambridge  about  io  of  clock  at  night,  and  at  o- 
ther  very  diftant  places,  on  the  20th  of  march  in  the 
year  1 706.  It  was  a  femicircle  of  light,  of  about  two 
thirds  of  the  ordinary  breadth  of  the  milky  way,  but 
much  brighter.  The  top  of  it  pafted  very  near  our 
zenith  inclining  about  4  or  5  degrees  to  the  north;  it 
crofted  the  horizon  at  a  very  fmall  diftance  from  the 
weft:  towards  the  fouth,  and  again  about  as  far  from 
the  eaft  towards  the  north.  It  was  moft  vivid  and  belt 
defined  about  the  weftern  horizon,  and  moft:  faint  a- 
bout  the  zenith,  where  it  firft  began  to  difappear: 
there  was  at  the  fame  time  an  Aurora  borealis .  A 
friend  of  mine  faw  the  fame  appearance  in  Lincoln- 
fhire,  at  the  diftance  ot  about  70  miles  north  of  Cam¬ 
bridge  ;  the  femicircle  feemed  to  him  to  lie  in  the  plane 
of  the  equator.  F rom  thefe  two  obfervations  com¬ 
pared  together  it  is  eafy  to  colled,  that  the  matter 
from  which  that  light  proceeded,  was  elevated  above 
the  earth’s  furface  between  40  and  50  miles. 

Having  now  finiftied  what  I  defign’d  to  reprefent 
concerning  the  limits  and  different  degrees  of  rarity 
of  the  atmofphere  at  different  altitudes,  I  might  here 
conclude ;  but  becaufe  it  may  poflibly  be  expeded  I 
fhould  add  fomething  in  this  place  concerning  the 
caufe  of  the  air’s  elafticity,  upon  which  thefe  deduc¬ 
tions  were  grounded,  it  may  not  be  amifs  to  declare 
here,  that  of  all  the  feveral  hypothefes  which  have 
hitherto  been  fuggefted  for  this  purpofe,  that  of  Sir 
Ifaac  Newton  feems  to  me  to  be  the  moft  probable. 
He  has  demonftrated  in  the  fecond  book  of  his  Princi - 
pia9  that  if  the  particles  of  the  air  be  of  fuch  a  nature 
as  to  recede  from  each  other  with  centrifugal  forces 
reciprocally  proportionable  to  their  diftances,  they 
will  compofe  an  elaftical  fluid  whofe  denfity  will  al¬ 
ways  be  as  the  force  which  compreffes  it ;  and  any  one 
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who  reads  the  late  additions  to  his  Opticks  will  per¬ 
ceive  that  that  hypothecs  is  not  advanced  without 
reafon, 

LECTURE  X* 

Hhe  effects  of the  weight  and  fpring  of  the  air  in  fringe  s5 
pumps,  fyphons ,  polifhed  plates ,  cupping-glajfes ,  fac¬ 
tion,  refpiraiion,  &c* 

I  have  hitherto  been  proving  that  the  air  has 
weight,  and  confequently  prefles  upon  all  bodies 
to  which  it  is  contiguous.  We  have  found  that  at  the 
furface  of  the  earth,  the  prefiure  of  any  column  of  air 
is  equivalent  to  the  weight  of  a  column  of  quickfilver 
having  the  fame  bafis  and  its  altitude  of  about  29L 
inches  ;  or  to  the  weight  of  a  column  of  water,  having 
the  fame  bafis  and  its  altitude  about  34  feet ;  that 
the  prefiure  is  lefiened  always  as  the  elevation  from 
the  furface  of  the  earth  becomes  greater  *,  that  the  air 
has  alfo  an  elaftical  power,  by  which  it  endeavours  as 
far  as  is  poffible  to  expand  itfelf  *,  that  this  elaftical 
power  of  the  air  is  equal  to  the  force  which  compref- 
fes  it ;  that  the  fpace  it  pofiefies  is  always  reciprocally 
as  that  force,  and  consequently  its  denfity  diretftly  as 
the  fame ;  that  the  degrees  of  denfity  of  the  atmo* 
fphere  are  different  at  different  altitudes,  the  air  be¬ 
ing  ftill  rarer  as  the  altitude  is  greater;  that  the  ra¬ 
rity  of  the  air  increafes  in  a  geometrical  progreflion 
as  the  altitudes  increafe  in  an  arithmetical  one,  the  air 
at  every  7  miles  of  height  being  always  4  times  more 
rare  than  before. 

Let  us  now  come  to  thofe  effefts  of  the  prefiure  of 
this  fubtle  fluid,  whether  caufed  by  its  weight  or 
fpring,  which  were  formerly  thought  to  proceed  from 
that  abhorrence  which  they  fay  nature  ever  has  of  a 
vacuum.  Amongft  thefe  we  may  reckon  the  pheno¬ 
mena  of  fyringes,  pumps,  fyphons,  polifhed  plates, 
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capping  glafies,  fucftion,  refpiration  and  others  of  the 
like  nature.  Mr.  Pafcal  in  his  little  French  treatife 
concerning  the  gravity  of  the  air,  has  given  us  a  very 
good  account  of  thefe  things.  I  fhall  therefore  for  the 
molt  part  make  ufe  of  his  explications,  fince  it  would: 
be  needlefs  to  go  about  to  make  new  ones.  His  me¬ 
thod  is  this,  he  firft  recites  the  principal  effe&s  which 
were  wont  to  be  afcribed  to  a  fuga  vacui ,  and  after¬ 
wards  fhews  that  they  proceed  from  the  prefiure  of 
the  air. 

Firft  then  a  pair  of  bellows  whofe  vents  are  all  well 
clofed  up,  are  difficult  to  be  opened ;  as  we  attempt 
to  do  it  we  perceive  a  refiftance  as  if  the  fides  were 
glued  together.  After  the  fame  manner  the  fucker  of 
a  fyringe,  which  is  flopped  at  the  bottom,  refills  the 
force  we  apply  to  draw  it  out,  as  if  it  were  fome  way 
faftened  to  the  bottom.  It  is  pretended  that  this  refift¬ 
ance  proceeds  from  the  abhorrence  which  nature  has 
of  a  vacuum ,  which  would  happen  in  both  cafes,  if 
the  fides  of  the  bellows  were  disjoined,  or  the  fucker 
of  the  fyringe  drawn  out.  That  opinion  is  confirmed 
by  this,  that  the  refiftance  ceafes  as  foon  as  the  air  is 
permitted  to  enter. 

Secondly  two  polifhed  bodies  applied  together  are 
difficult  to  be  feparated  and  feem  to  adhere  to  each 
other.  It  is  pretended  that  this  adherence  proceeds 
from  the  like  abhorrence  of  a  vacuum,  which  would 
happen  during  the  time  which  the  air  would  take  up 
in  coming  from  the  edges  to  the  middle. 

Thirdly  when  the  pipe  of  a  fyringe  is  immerfed  in 
a  veffel  of  water,  if  you  draw  up  the  fucker  the  wa¬ 
ter  will  follow  it  and  afcend  as  if  it  did  adhere  to  it. 
Thus  in  a  pump  which  is  a  longer  fyringe,  the  water 
afcends  and  follows  the  fucker,  being  raifed  up  in 
the  fame  manner.  It  is  pretended  that  this  elevation 
of  water  proceeds  from  the  endeavours  of  nature  a- 
gainft  a  vacuum ,  which  would  happen  in  the  fpace 
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deferted  by  the  fucker,  if  the  water  fhould  net  afcend* 
fince  the  air  is  excluded  ;  which  is  confirmed  by  this, 
that  the  water  will  no  longer  afcend  if  the  engine  has 
any  leaks  fo  as  to  admit  the  air  to  come  in. 

After  the  fame  manner  if  you  place  the  nofe  of  a 
pair  of  bellows  under  water,  and  open  it  fuddenly,  the 
water  will  afcend  to  fill  it,becaufe  the  air  cannot,  and 
the  experiment  will  fucceed  the  better  if  the  bellows 
be  entirely  clofed  up.  Thus  placing  your  mouth  un¬ 
der  water  and  fucking,  you  may  attradl  the  water  for 
the  fame  reafon  ;  for  the  lungs  may  be  compared  to 
a  pair  of  bellows.  Thus  in  refpiration  we  draw  in  the 
air,  juft  as  a  pair  of  bellows  by  being  opened  attracts 
the  air  to  fill  up  its  cavity.  Thus  if  you  place  a  light¬ 
ed  piece  of  paper  in  a  glafs,  and  fuddenly  invert  it  in¬ 
to  a  veflelof  water,  as  the  flame  decreafes  fo  will  you 
fee  the  water  afcend  into  the  glafs  *,  for  the  air  in  the 
giafs  being  rarefied  by  the  flame,  when  it  afterwards 
comes  to  be  condenfed  by  the  cold  water,  upon  con¬ 
tracting  its  dimenfions  it  will  draw  up  with  it  fome 
of  the  water  to  fill  the  fpace  it  has  deferted.  Thus  do 
cupping  glafies  draw  the  flefh  and  caufe  a  fwelling ; 
for  the  air  in  the  cupping  glafs  being  rarefied  by  heat, 
when  it  comes  again  to  be  condenfed  after  the  flame 
is  extinguifhed,  it  draws  in  the  flefh  to  fill  up  the 
fpace  it  has  deferted,  as  before  it  drew  in  the  water. 

Fourthly  if  you  fill  a  bottle  with  water,  and  invert 
/  the  neck  of  it  into  a  veflel  filled  with  other  water, 
the  water  will  remain  fufpended  in  the  bottle  with¬ 
out  falling  out.  It  is  pretended  that  this  fufpenfion 
proceeds  from  a  fuga  vacui ;  for  there  would  necef- 
farily  be  left  a  void  fpace  if  the  water  fhould  defeend, 
fince  the  air  cannot  come  in  to  fill  it  up ;  which  they 
confirm  by  this  obfervation,  that  if  the  air  be  fufler- 
ed  to  enter  by  fome  hole  the  water  will  immediately 
fall  down. 

Fifthly  if  fyphon  be  filled  with  water  and  its 
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legs  be  immerfed  into  two  different  veffels  of  water, 
it  will  come  to  pafs,  if  one  of  the  veffels  be  higher 
than  the  other,  that  the  water  contained  in  the  higher 
will  afcend  to  the  top  of  the  fyphon,  and  then  de¬ 
fend  into  the  lower  vefiel,  fo  that  if  you  continually 
fupply  the  higher  vefiel  with  water,  the  flux  will  be 
perpetual.  It  is  pretended  that  this  elevation  of  wa¬ 
ter  is  to  be  afcribed  to  the  endeavours  of  nature  to 
hinder  a  vacuum ,  which  would  happen  within  the  fy¬ 
phon,  if  the  water  contained  in  thofe  two  lefsfhould 
defend  each  into  its  vefiel  below  j  which  adlually 
comes  to  pafs  when  the  air  can  come  in  at  the  top  of 
the  fyphon  through  fome  hole. 

Many  other  effects  there  are  of  the  like  nature, 
which  have  been  omitted  as  being  nearly  the  fame 
with  thofe  already  defcribed  ,  in  all  of  them  there  ap¬ 
pears  nothing  more  than  this,  that  all  contiguous  bo¬ 
dies  refill  any  effort  made  to  feparate  them,  when 
the  air  cannot  fucceed  them  ;  whether  that  effort  be 
their  own  proper  weight,  as  in  the  examples  where 
water  a  fends  and  remains  fufpended  notwithftand- 
ing  its  weight ;  or  whether  it  proceed  from  fome  force 
applied  to  difunite  them,  as  in  the  firft  example.  Such 
effe&s  as  thefe  have  commonly  been  afcribed  to  a  fu- 
ga  vacui ,  let  us  now  fee  how  they  depend  upon  the 
preffure  of  the  air. 

To  explain  how  the  preffure  of  the  air  is  thecaufe 
of  that  difficulty  we  perceive  in  opening  a  pair  of 
bellows,  whilft  the  air  has  no  ingrefs,Mr.  Pafcal  puts 
his  reader  in  mind  of  what  he  had  before  been  dif- 
courfing  of,  in  his  other  treatife,  concerning  the  equi¬ 
librium  of  liquors,  that  if  a  pair  of  bellows  whole 
pipe  is  20  feet  long  or  more  be  placed  in  a  deep  vef¬ 
fel  filled  with  water,  fo  that  the  end  of  the  pipe  be 
above  the  furface  of  the  water,  it  will  be  very  diffi¬ 
cult  to  be  opened,  and  by  fo  much  the  more  as  the 
altitude  of  the  water  above  the  fides  of  the  bellows 
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is  the  greater •,  which  proceeds  manifeftly  From  the 
weight  of  the  fuperior  water.  For  before  any  water 
be  poured  into  the  veflel,  there  is  no  difficulty  in  o- 
pening  the  bellows,  but  as  more  and  more  water  is 
poured  in,  the  refiftance  is  continually  augmented* 
and  is  always  equivalent  to  the  weight  of  the  water 
which  is  fupported.  For  as  no  water  can  enter  into 
the  cavity  of  the  bellows,  the  orifice  of  the  pipe  be¬ 
ing  above  the  furface,  it  is  evident  that  the  Aides  can¬ 
not  be  disjoined  without  railing  and  fuflaining  the 
fuperior  mafs  of  water.  Now  no  body  can  here  fay 
that  this  refiftance  proceeds  from  a  fuga  vacui>  fince 
the  air  has  a  free  paflage  into  the  cavity  by  the  ori¬ 
fice  of  the  pipe  which  is  above  the  water  ;  it  is  ab- 
folutely  certain  therefore,  that  it  depends  intirely  up¬ 
on  the  weight  of  the  water. 

What  has  been  here  faid  as  to  the  weight  of  the 
water,  may  be  applied  to  any  other  fluid;  for  if  the 
bellows  be  placed  in  a  veflfel  filled  with  wine,  there 
will  be  the  like  refiftance,  and  the  fame  may  be  faid 
as  to  milk,  oyl,  quickfilver,  or  any  other  fluid  what¬ 
ever.  It  is  then  a  general  rule  and  a  neceflary  efiebt 
of  the  gravitation  of  fluids,  that  if  a  pair  of  bel¬ 
lows  be  placed  in  any  fluid  whatever,  fo  that  the  flu¬ 
id  have  no  accefs  to  the  cavity  of  the  bellows,  the 
weight  of  the  fuperior  parts  of  the  fluid  will  caufe 
a  refiftance  to  the  opening  of  the  bellows.  If  there¬ 
fore  we  apply  the  general  rule  to  the  air  in  particu¬ 
lar,  we  may  fay  that  when  a  pair  of  bellows  is  fo 
ftopt  as  to  leave  no  ingrefs  to  the  air,  the  weight  of 
the  fuperior  mafs  of  air  will  caufe  a  refiftance  in  o- 
pening  the  bellows,  which  refiftance  will  ceafe  as  foon 
as  the  air  is  permitted  to  enter. 

What  has  been  faid  as  to  this  effect  will  hold  good 
as  to  others,  in  which  I  may  be  the  more  fuccinct, 
having  enlarged  already  fo  much  upon  this.  It  has 
been  already  ihewn  in  the  former  week  that  the  pref- 
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fure  of  any  fluid  may  produce  effefts  analogous  to 
thofe  of  the  fyringe,  pump,  fyphon  and  policed 
plates,  and  the  application  was  at  the  fame  time  made 
to  the  air  *,  I  need  not  here  therefore  infift  upon  them 
any  longer.  That  would  alfo  have  been  the  proper 
place  for  this  experiment  of  the  bellows  under  wa¬ 
ter,  could  it  as  eafily  have  been  made  as  defcribed. 
However  the  defcription  of  it  may  ferve  at  leaft  to 
illuflrate  the  conclusion  upon  whofe  account  it  was 
propofed  by  its  ingenious  author.  For  it  cannot  but 
be  evident  to  any  one  who  is  at  all  acquainted  with 
hydroftaticks,  that  the  event  rnuft  needs  anfwer  the 
defcription  that  has  been  given  of  it. 

The  fame  thing  alfo  may  be  faid  of  the  following 
experiment  or  inftance  propofed  by  the  fame  perfon 
to  illuflrate  the  effedl  of  cupping  glafles.  He  fuppofes 
that  a  tube  of  about  20  feet  in  length  open  at  both 
ends,  has  one  end  which  enlarges  itfelflikethe  mouth 
of  a  funnel,  applied  to  a  man’s  thigh  at  a  confidera- 
ble  depth  under  water,  fo  as  to  hinder  the  water  from 
prefling  upon  that  part  alone  of  the  thigh  which  is  in¬ 
cluded  within  the  orifice  of  the  tube,  to  which  the 
air  neverthelefs  has  a  free  accefs  by  the  other  end  of 
the  tube  which  is  above  the  furface  of  the  water.  In  this 
cafe,  fays  he, it  will  come  to  pa fs, that  the  part  includ¬ 
ed  within  the  orifice  of  the  upper  tube,  will  be  con- 
fiderably  fwelled  out  as  if  fomething  fucked  it  in  that 
place.  Now  it  is  plain  that  this  fwelling  can  by  no 
means  be  faid  to  proceed  from  a  fuga  vacui ,  fince  the 
tube  is  open  to  the  air,  and  no  fuch  thing  would  hap- 
pen  if  there  were  not  any,  or  but  very  little,  water  to 
prefs  upon  the  reft  of  the  body.  It  is  therefore  moft 
certaii  that  this  effect  depends  purely  upon  the  gra¬ 
vitation  of  the  water;  for  whilft  it  preffes  upon  all  o- 
ther  parts  of  the  body  excepting  that  alone  which  is 
covered  by  the  tube,  to  which  it  has  no  accefs,  it 
forces  the  blood  and  other  yielding  parts  to  arile  where 
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there  is  not  fo  great  a  prefiure,  and  thereby  caufes  the 
fwelling. 

What  has  been  faid  as  to  the  prefiure  of  water  will 
hold  true  as  to  the  prefiure  of  any  other  fluid  •,  and 
therefore  the  prefiure  of  the  air  may  caufe  a  like  fwel¬ 
ling,  if  it  be  greater  upon  the  other  parts  of  the  body 
than  upon  that  to  which  the  cupping  glafs  is  appli¬ 
ed,  as  it  certainly  is.  For  the  air  within  the  cupping- 
glafs  being  very  much  rarefied,  and  confequently  in 
part  expelled  by  the  heat,  when  it  comes  again  to  its 
ufual  temper,  itsfpring  will  be  very  much  debilitat¬ 
ed,  and  therefore  it  will  prefs  lefs  forcibly  againft 
the  part  of  the  body  under  the  glafs,  than  the  exter¬ 
nal  air  upon  the  other  parts  of  the  body. 

I  need  not  now  ufe  many  words  to  explain  how  it 
comes  to  pafs,  when  any  one  places  his  mouth  under 
water  and  fucks,  that  the  water  afcends ;  for  it  is  clear 
that  the  external  air  prefies  upon  every  part  of  the 
furface  of  the  water,  excepting  that  which  is  cover¬ 
ed  by  the  mouth  *,  and  hence  it  happens,  that  when 
the  mufcles  ferving  for  refpiration,  elevate  the  ribs 
and  enlarge  the  capacity  of  the  cheft,  the  air  within 
having  a  greater  fpace  to  fill  than  before,  hath  lefs 
force  to  hinder  the  entrance  of  the  water  into  the 
mouth,  than  the  external  air  has  to  promote  that  en¬ 
trance.  This  alfo  is  the  caufe  of  the  attraction  or  fue- 
tion  of  any  liquor  by  a  tube,  and  it  differs  very  lit¬ 
tle  from  the  effedt  of  the  fyringe.  Thus  a  fucking 
child  at  the  bread  of  its  nurfe,  draws  in  its  milk ;  the 
external  air  prefling  the  breads  of  the  nurfe  on  all 
parts  excepting  that  which  is  covered  by  the  child’s 
mouth.  Upon  the  fame  account  in  refpiration  the  air 
enters  into  the  lungs  ;  for  as  the  ched  is  dilated,  fo  is 
the  external  air  forced  in  by  the  weight  of  the  fupe- 
rior  part  of  the  atmofphere ;  which  is  fo  intelligible, 
fo  eafy  and  natural,  that  one  would  wonder  that  phi- 
lofophers  (hould  ever  have  had  recourfe  to  a  fuga  va- 
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mi,  to  occult  qualities,  to  caufes  fo  foreign  and  chi¬ 
merical. 

Thus  may  all  the  other  effects  which  were  once  a- 
fcribed  to  a  fug  a  vacui,  be  fhewed  to  depend  upon  the 
prefiureof  the  air,  as  cannot  but  be  evident  to  thole 
who  underltand  the  principles  of  hydroftaticks,  and 
are  fatisfied  that  the  air  is  a  gravitating  fluid  *,  which 
thing  I  hope  I  have  already  proved,  and  fhall  here¬ 
after  further  confirm.  But  as  the  weight  of  the  air  is 
not  infinite,  but  limited  by  certain  bounds,  fo  are  the 
effebts  depending  thereupon  alfo  limited.  Thus  wa¬ 
ter  cannot  by  a  pump  be  raifed  to  any  propofed  alti¬ 
tude.  We  know  that  a  column  of  water  of  about  34 
feet  in  the  altitude,  is  commonly  a  counterpoife  to 
the  preffure  of  the  atmofphere  *,  that  therefore  is  the 
utmoft  height  to  which  the  air  in  its  mean  date  of 
gravity  can  elevate  the  water  in  a  pump.  If  the  air 
happens  to  be  more  than  ordinarily  heavy,  the  water 
will  afcend  fomething  higher,  but  fcarce  ever  more 
than  36  feet.  If  the  air  be  more  than  ordinarily  light, 
the  water  will  not  come  up  34  feet,  neverthelefs  the 
air  is  feldom  fo  light  as  not  to  be  able  to  bear  up  wa¬ 
ter  fo  far  as  32  feet. 

If  the  operation  of  the  pump  did  depend  upon  the 
fuga  vacui,  as  it  was  commonly  believed  before  Gali - 
Iceo' s  time,  then  it  would  follow  that  water  might  be 
raifed  to  any  altitude  how  great  foever  for  why 
ihould  not  nature  have  as  great  an  averfion  againft 
a  vacuum  in  one  cafe  as  in  another?  And  accordingly 
feveral  who  embraced  that  notion,  have  very  confi¬ 
dently  aflerted,  though  they  never  made  the  experi¬ 
ment,  that  it  might  be  raifed  ad  libitum.  But  Gaiilceo 
obferving  that  there  was  a  certain  ftandard  altitude, 
beyond  which  no  water  could  be  elevated  by  pump¬ 
ing,  took  anoccafion  from  thence  to  call  in  queftion 
the  dobtrine  of  the  fchools  concerning  the  fuga ,  which 
began  from  that  time  to  be  very  much  fufpe&ed,  and 
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in  the  room  thereof  he  happily  fubftituted  thehypo- 
thefis  of  the  air’s  preffure  and  gravitation.  It  was  to 
him  indeed  little  better  than  an  hypothefis,  fince  it 
had  not  then  thofe  confirmations  from  experiments 
which  were  afterwards  found  out  by  his  fcholar  Tor* 
ricelliusAnd  other  fucceeding  philofophers, particular¬ 
ly  our  excellent  Mr.  Boyle. 

What  has  been  faid  of  pumps  may  be  alfo  applied 
to  fyphons.  It  was  formerly  looked  upon  as  unquefti- 
onable,  that  water  might  be  conveyed  over  the  high- 
eft  mountains  by  the  help  of  this  inftrument,  if  the 
place  into  which  it  was  to  be  difcharged,  were  but 
lower  than  the  place  from  whence  it  was  derived.  We 
are  now  certain  of  the  contrary  by  experiments  made 
more  than  once  :  34  feet  is  commonly  the  utmoft 
height  to  which  water  can  rife  as  well  in  fyphons  as 
in  pumps.  In  quickfilver  the  utmoft  altitude  is  left, 
being  commonly  about  29  ~  inches,  29  ~  inches  of 
quickfilver  and  34  feet  of  water  being  a  counterpoife 
to  the  preffure  of  the  atmofphere,  upon  which  thofe 
effects  depend. 

I  will  add  but  one  inftance  more  concerning  polifh- 
ed  plates ;  as  their  cohefion  depends  upon  the  limited 
preffure  of  the  air,  fo  is  the  force  requifite  for  their 
reparation  alfo  limited,  and  may  be  thus  computed. 
Since  the  force  requifite  for  their  feparation  rnuft  be 
equal  at  leaft  to  the  force  which  caufes  their  cohefton, 
that  is,  to  the  preffure  of  the  air,  and  the  preffure  of 
air  upon  any  bafis  is  equal  to  the  weight  of  a  column 
of  quickfilver  having  the  fame  bafis  and  the  altitude 
of  about  29  ~  inches,  it  follows  that  the  force  requi¬ 
fite  to  feparate  the  plates,  ought  to  be  equal  at  leaft 
to  the  weight  of  a  cylinder  of  29^  inches  altitude, 
having  the  area  of  the  plates  for  its  bafis.  By  calcu¬ 
lating  upon  thefe  grounds,  I  find  that  the  force  requi¬ 
fite  to  feparate  our  larger  marble  plates,  is  equal  to 
about  one  hundred  weight  and  | ;  and  the  force  requi- 
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fite  to  feparate  the  leffer  brafs  plates  amounts  nearly 
to  73  pounds  weight ;  and  this  upon  fuppofition  that 
they  are  perfectly  well  polifhed  and  fo  fitted  toge¬ 
ther  that  no  air  can  intervene.  But  as  they  want  of 
that  perfection,  fo  will  a  leffer  force  be  fufficient  to 
disjoin  them. 

LECTURE  XI. 

I  The  phcenomena  of  capillary  tubes ,  glafs  planes,  the  fi¬ 
gures  of  the  furf aces  of  fluids  and  other  things  relating 
to  the  fame  head ,  conjidered. 

I  I 

J  e  are  now  upon  a  fubjedt  abounding  with  dif- 
W  ficulties,  which  has  in  vain  been  attempted  by 
feveral  modem  philofophers.  Many  hypothefes  they 
have  invented  to  account  for  thefe  odd  appearances, 
which  if  thoroughly  examined  will  be  found  to  be  but 
bare  hypothefes,  and  in  many  particulars  inefficient. 
It  has  been  generally  believed,  that  the  unequal  pref- 
fure  of  the  air  upon  the  liquor  contained  in  the  tube 
and  that  in  the  veffel,  is  the  caufe  of  the  afcent  in  the 
tube.  For  if  the  preiTure  upon  the  liquor  in  the  tube 
be  lefs  than  that  upon  the  veffel,  the  liquor  ought  to 
afcend  fo  far  in  the  tube,  that  its  own  weight  toge¬ 
ther  with  the  weaker  effort  of  the  air  incumbent  up¬ 
on  it,  be  equal  to  the  free  and  unreftrained  gravita¬ 
tion  of  the  atmofphere  upon  the  veffel. 

Though  they  have  generally  agreed  in  this,  that 
there  is  a  leffer  preffure  of  air  upon  the  liquor  in  the 
tube  than  upon  that  contained  in  the  veffel,  yet  the 
caufes  they  have  aligned  for  that  inequality  are  very 
different.  Some  have  had  recourfe  to  the  magnitude 
of  the  particles  of  the  air  and  of  the  afcending  fluid. 
Others  have  believed,  that  only  an  inverted  cone  of 
air,  touching  the  furface  of  the  liquor  in  the  tube  with 
its  vertex,  and  having  the  upper  orifice  of  the  tube 
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for  its  bafis,  could  prefs  upon  the  furface  contiguous 
to  its  vertex.  Dr.  Hook  fuppofes  part  of  thepreffure 
of  the. air  in  the  tube,  to  be  taken  off  by  its  fridtion, 
which  he  fuppofes  muff  neceffarily  happen  againft 
the  fides  in  fo  narrow  a  paffage.  Other  conceits  there 
are  which  I  have  omitted,  being  more  concerned  to 
find  out,  if  I  can,  what  is  the  truth,  then  to  enumerate 
the  ground lefs  fancies  of  thofe  who  feem  to  me  to  have 
miffed  of  it. 

Dr.  Hook' s  hypothecs  has  indeed  the  faireft  fhew 
of  probability,  and  accordingly  it  has  been  received 
with  great  applaufe.  It  may  therefore  be  worth  while 
to  give  an  account  of  it,  and  to  examine  afterwards 
whether  it  be  fuch  as  we  may  acquiefce  in.  That  there 
is  an  inequality  of  prefliire  he  endeavours  to  make 
out  from  hence,  that  there  is  a  much  greater  incon¬ 
gruity  of  air  to  glafs  and fome  other  bodies  than  there 
is  of  water  to  the  fame.  By  congruity  he  means  a  pro¬ 
perty  of  the  fluid  body,  whereby  any  part  of  it  is  rea¬ 
dily  united  with  any  other  part,  either  of  itsfelf  or  of 
any  fimilar  fluid  or  folid  body;  and  by  incongruity, 
a  property  by  which  bodies  are  hindered  from  uniting 
with  any  diffimilar  body..  Thus,  not  to  mention  fe- 
veral  chymical  fpirits  and  oyls,,  which  will  very  hard¬ 
ly,  if  at  all,  be  brought  to  mix  with  one  another,  if 
we  obferve  the  drops  of  rain  filling  through  the  air, 
and  the  bubbles  of  air  which  are  by  any  means  con¬ 
veyed  under  water,  or  a  drop  of  fallad-oyl  fwim- 
rning  upon  the  water,  we  cannot  be  to  feek  for  in- 
ftances  of  the  incongruity  of  fluids  amongfl  one  ano¬ 
ther.  And  as  for  the  congruity  or  incongruity  of  li¬ 
quids  with  feveral  kinds  of  firm  bodies,  they  have  long 
fince  been  taken  notice  of  and  called  by  the  names  of 
drynefs  and  moilfure  ;  though  thefe  two  names  are 
not  comprehenfive  enough,  being  commonly  ufed  to 
fignify  only  the  adhering  or  not  adhering  of  water  to 
folid  bodies,  Thus  we  may  obferve  that  water  will 
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more  readily  wet  fome  woods  than  others,  that  wa¬ 
ter  let  fall  upon  a  feather,  the  whiter  fide  of  a  cole- 
wort  and  fome  other  leaves,  or  almoft  upon  any  dully, 
undluous  or  refinous  furface,  will  not  adhere  but ea- 
fdy  tumble  off  from  them,  like  a  folid  bowl  *,  whereas 
If  dropt  upon  linnen,  paper,  clay,  green  wood,  &c. 
it  will  not  go  off  without  leaving  fome  part  of  itfelf 
behind.  So  quickfilver,  which  will  very  hardly  be 
brought  to  flick  to  any  vegetable,  will  readily  ad¬ 
here  to  and  mingle  with  feveral  clean  metalline  bo¬ 
dies. 

The  caufe  which  he  propofes  of  this  congrulty  and 
Incongruity  of  bodies  is,  that  all  fluids  are  in  a  fort 
of  vibrative  motion, which  he  fays  is  a  fort  of  pulfe  or 
lhakeof  heat, by  which  the  parts  of  bodies  being  made 
loofe  from  one  another,  can  eafily  move  any  way  and 
are  thereupon  fluid.  If  in  a  large  difli  feveral  kinds 
of  finds  be  mixed  together,  we  fhall  find  that  by  any 
vehement  agitation,  the  fine  find  will  ejedland  throw 
out  of  itsfelf  all  the  bigger  bulks  of  fmall  ftonesand 
the  like,  which  will  be  gathered  together  into  one 
place  ;  and  if  there  be  other  bodies  in  it  of  other  na¬ 
tures,  theyalfo  will  be  feparated  into  a  place  by  them- 
felves.  In  like  manner  he  fuppofes  the  pulfe  of  heat 
to  agitate  the  fmall  particles  of  matter,  and  thofe 
which  are  of  the  fame  bignefs,  figure  and  texture  will 
hold  or  dance  together,  and  thofe  which  are  of  a  dif¬ 
ferent  kind  will  be  thrufl  out  from  between  them  by 
feveral  variations  of  harmony  and  difeord.  And  what 
has  been  faid  as  to  fluids  he  fuppofes  may  be  attri¬ 
buted  to  folid  bodies,  to  which  alfo  he  applies  the 
like  vibrative  motion.  This  is  his  explication  of  con- 
gruity  and  incongruity. 

If  then  we  allow,  as  we  eafily  may,  that  water  is 
more  congruous  to  glafs  than  air  is,  it  will  follow 
that  water  may  more  eafily  be  forced  through  the  nar¬ 
row  pafifage  of  a  (lender  pipe  than  air.  He  illuftrates 
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the  thing  by  the  refemblance  of  a  round  fpring,  fuch 
as  an  hoop :  for  as  in  a  round  fpring  there  is  required 
an  additional  preffure  againft  the  two  oppofite  Tides 
to  reduce  it  into  an  oval  form,  or  to  force  it  in  be¬ 
tween  the  Tides  of  an  hole  whofe  diameter  is  lefs  than 
that  of  the  fpring.  To  to  alter  the  fpherical  conftitu- 
tion  of  the  air  included  in  the  tube,  arifing  from  its 
incongruity  to  glafs,  there  is  required  more  preffure 
againft  the  oppofite  Tides  to  reduce  it  to  an  oval ;  and 
to  prefs  it  into  a  hole  lefs  in  diameter  than  itsfelf,  it 
requires  a  greater  protrufion  againft  ail  the  other 
Tides,  which  he  found  alfo  to  be  true  by  experiments. 
Therefore  he  concluded,  that  part  of  the  preffure  of 
the  atmofphere  being  taken  off  and  Tpent  in  pro¬ 
truding  the  air  within  the  cavity  of  the  flender  tube, 
it  has  lefs  force  to  refill  the  afcent  of  the  water, 
which  is  impelled  upwards  by  the  whole  force  of  the 
atmofphere,  preffmg  upon  the  furface  of  the  water  in 
the  veffel  into  which  the  lower  end  of  the  tube  is  im- 
merfed  *,  and  as  a  greater  part  of  the  preffure  of  that 
column  of  the  atmofphere,  which  is  incumbent  over 
the  upper  orifice  of  the  tube,  is  taken  of  in  protrud¬ 
ing  the  air  within  the  tube  when  it  is  flenderer,  fois 
its  refiftance  to  the  afcending  liquor  ftill  lefs,  and  con- 
fequently  the  afcent  is  greater. 

This  is  Dr.  Hook’s  account  of  the  matter,  which  a- 
ny  one  may  more  fully  acquaint  himfelf  with, by  read¬ 
ing  the  fixth  obfervation  of  his  admirable  Microgra¬ 
phy.  It  appears  at  firft  view  to  be  very  fatisfadtory, 
and  accordingly  it  has  not  wanted  its  patrons*,  ne- 
verthelefs  I  mull  here  confefs  that  I  cannot  by  any 
means  perfuade  myfelf  to  be  of  the  Time  opinion.  A- 
mongft  many  others,  this  is  one  great  reafon  of  my 
backwardness  to  embrace  Dr.  Hook’s  hypothefis,  that 
I  have  found  by  making  the  experiment,  and  feve- 
ral  others  have  took  notice  of  the  fame  thing  before 
me,  that  even  under  a  receiver  exhaufted  of  air  by 
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the  air-pump,  there  is  as  far  as  we  can  perceive  a  like 
and  equal  afcent  of  liquors  in  capillary  tubes.  Now 
if  the  difference  of  the  preffure  of  the  air  upon  the  li¬ 
quor  contained  within  the  tube  and  upon  that  within 
the  veffel,  into  which  the  tube  is  immerfed,  be  the 
true  caufe  of  the  afcent,  we  mu  ft  needs  be  at  a  lofs 
in  explaining  how  the  fame  afcent  can  poffibly  hap¬ 
pen  in  vacuo ,  when  there  is  no  air  to  prefs  either  up¬ 
on  the  liquor  in  the  veffel  or  that  in  the  tube. 

It  may  perhaps  be  anfwered,  that  we  can  never  by 
pumping  perfe&dy  evacuate  the  receiver  of  air,  fo 
that  after  all  our  endeavours  there  will  ftill  a  fuffici- 
ent  quantity  remain  behind  to  produce  the  effect :  let 
it  then  be  confidered  whether  that  very  fmall  quan¬ 
tity  which  remains  behind,  can  poffibly  be  faid  to  be 
fufficient.  It  is  reafonable  to  conclude,  that  as  the 
quantity  of  air  under  the  receiver  is  diminifhed,  fo 
are  the  preffures  of  the  air  upon  the  liquor  in  the 
veffel  and  upon  that  within  the  tube  proportionably 
diminifhed,  and  confequently  the  difference  of  thofe 
preffures  alfo.  If  then  that  difference  be  the  caufe,  as 
is  pretended,  of  the  afcent  of  the  liquor  in  the  tube, 
as  that  difference  is  diminifhed  by  pumping,  fo  ought 
the  afcent  in  like  manner  to  be  diminifhed,  which 
does  not  happen  *,  therefore  that  difference  is  not  the 
caufe  of  the  afcent.  II  it  be  faid,  contrary  to  all  rea  > 
fon,  that  the  difference  of  thofe  two  prefliires  is  not 
diminifhed  as  the  receiver  is  evacuated,  I  might  ea~ 
fily  prove,  were  it  neceffary,  that  even  the  whole 
preffure  of  the  air  in  the  receiver  upon  the  liquor  in 
the  veffel,  is  not  able  to  bear  up  the  liquor  in  the  tube 
to  the  height  it  will  afcend  to,  if  the  bore  be  narrow, 
when  the  pump  is  fufficiently  worked:  much  lcfs 
then  can  the  excefs  of  that  whole  preffure  upon  the 
liquor  in  the  veffel  above  the  preffureupon  the  liquor 
within  the  tube,  be  faid  to  do  fo,  unlefs  the  part  can 
be  proved  to  be  greater  than  the  whole.  We  have 
therefore  good  grounds  from  the  abovementioned  e- 
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vent  of  the  experiment  made  in  the  evacuated  re¬ 
ceiver,  of  which  you  will  hereafter  be  eye-witneffes* 
to  dfltruft  that  caufe  arifing  from  the  inequality  of 

the  air’s  preffure. 

It  will  follow  therefore,  that  there  is  no  fuch  ine¬ 
quality  of  preffure  as  is  pretended  ;  for  if  there  were* 
then  would  the  afcent  in  the  open  free  air  be  greater 
than  in  vacuo ,  the  inequality  of  preflure  co-operat¬ 
ing  in  the  open  air  with  the  caufe  of  the  afcent  in  va~ 
cuo ,  whatever  it  be. 

But  it  may  not  be  amifs  in  this  place  to  fhew  a 
priori  alfo,  that  there  is  not  that  inequality  of  pref¬ 
fure,  notwithftanding  that  there  be  required  a  confi- 
derable  force  to  protrude  the  air  contained  in  the 
tube.  The  preflure  of  the  incumbent  part  of  the  at- 
mofphere  endeavours  to  force  the  included  air  down- 
wads,  and  the  preffure  of  the  elevated  liquor  does  at 
the  fame  time  endeavour  to  force  it  upwards  ;  now 
thefe  two  forces  are  m  equilibria ^  otherwife  the  includ¬ 
ed  air  would  be  more  protruded  downwards  or  more 
upwards,  till  that  equilibrium  were  gained.  We  muff 
therefore  neceffarily  conclude  that  the  preffure  of  the 
elevated  liquor  upwards,  is  equivalent  to  the  whole 
weight  of  the  incumbent  part  of  the  atmofphere. 
Therefore  it  is  prefled  downwards,  by  the  air  which 
is  contiguous  to  it,  with  a  force  equivalent  to  the 
weight  of  the  incumbent  part  of  the  atmofphere  *,  for 
were  it  kept  down  by  a  lefs  force  than  that  with 
which  it  endeavours  toafcend,  it  would  afcend  fur¬ 
ther.  Every  equal  part  of  the  furface  of  the  liquor  in 
the  veflel  below,  is  alfo  prefled  downwards  by  the 
fame  whole  weight  of  the  incumbent  part  of  the  at¬ 
mofphere.  The  liquor  contained  in  the  tube  is  there¬ 
fore  expofed  to  an  equal  preffure  with  that  which  is 
contained  in  the  veflel ;  that  fancied  inequality  can¬ 
not  therefore  take  place.  I  have  proved  both  a pofte- 
ricri  and  alfo  a  priori ,  that  the  inequality  of  the  air’s 
preffure  is  not  the  caufe  of  the  afcent  of  liquors,  ill 
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I  may  add  further  that  the  difficulty  of  protruding 
the  air  through  the  narrow  paflage  of  the  tube,  is  fo 
far  from  being  the  caufe  of  the  liquor’s  afcent,  that 
it  would  rather  hinder  that  effedt  than  promote  it. 
Dr.  Hook  indeed  from  thence  might  with  fome  pro- 
bability  have  given  an  account  why  an  elevated  li¬ 
quor  fhould  not  be  depreffed,  but  the  fpontaneous 
afcent  of  liquors  does  manifeftly  contradidl  his  opi¬ 
nion,  fince  the  difficulty  the  air  has  to  pafs  upwards 
along  the  tube,  when  urged  by  the  afcending  liquor, 
ought  more  to  refill  its  afcent  than  the  free  and  un- 
reftrained  preffure  of  the  atmofphere  in  a  tube  much 
larger. 

Whether  his  hypothecs  concerning  thecongruity 
and  incongruity  of  bodies,  befuch  as  we  may  fecure- 
ly  admit  of,  I  will  not  Hay  here  to  examine,  icon- 
fefs  I  fee  not  any  neceffity  of  fuppofmg  the  particles 
of  fluids  or  firm  bodies  to  be  perpetually  either  in  a 
vibrative  or  any  other  motion.  It  may  fo  happen, 
that  by  accidental  motions  of  the  air  or  other  conti¬ 
guous  bodies,  the  parts  of  fluids  may  feldom  be  at 
reft  ;  but  that  a  perpetual  inteftine  motion  is  eftential 
to  fluids,  is  what  has  not  yet,  that  I  know  of,  been 
demonftrated,  though  fome  have  attempted  it. 

I  have  hitherto  been  only  proving  what  is  not  the 
caufe  of  the  efiedts  we  have  been  confidering.  Let  us 
now  try  whether  we  can  find  out  what  is  the  true 
caufe.  It  is  a  common  obfervation,  that  a  drop  of  wa¬ 
ter  of  a  certain  determinate  magnitude,  will  firmly 
adhere  to  the  furface  of  glafs  and  of  other  bodies, 
and  even  hang  pendulous  to  it,  though  the  furface 
be  placed  downwards,  notwithftanding  the  weight  of 
the  drop  which  endeavours  to  disjoin  it.  Since  then 
that  endeavour  is  rendered  fome  way  or  other  ineffe- 
dtual,  we  need  not  fcruple  to  afcribe  a  mutual  attra¬ 
ction  to  the  glafs  and  water:  it  is  evident  that  con- 
gruity  alone,  in  Dr.  Hook's  fenfe,  is  not  fufficient  to 
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hinder  the  drop  from  falling  by  the  force  of  its  own 
weight  *,  there  is  fomething  more  required  than  a  bare 
congruity  to  overcome  that  force. 

What  I  call  attraction,  any  one  if  he  thinks  fit 
may  give  another  name  to  *,  I  mean  no  more  by  attra¬ 
ction  than  fome  power  in  nature,  from  what  caufes  fo- 
ever  it  proceeds,  by  which  bodies  do  endeavour  to  be 
united  to  one  another.  This  adhefion  of  the  drop  to 
the  fur  face  of  the  glafs  and  other  bodies,  has  com¬ 
monly  been  afcribed  to  the  preffure  of  the  air.  We 
have  feen  that  this  preffure  is  able  to  keep  well  po¬ 
lish  ed  plates  united,  notwithflanding  a  confiderable 
force  was  ufed  to  feparate  them  ;  but  then  the  air 
mud  be  excluded  from  between  thelurfaces.  Now  a 
drop  or  globule  of  water  will  be  attracted  to  a  plate 
of  glafs,  which  touches  its  upper  part,  notwithstand¬ 
ing  the  intervention  of  the  air  immediately  before  the 
attraction  *,  which  fhews  that  the  cafe  is  different  from 
that  of  polifhed  plates.  We  may  alfo  fatisfy  ourfelves 
that  this  adhefion  does  not  proceed  from  the  preffure 
of  the  air,  by  the  air-pump,  fince  the  fame  will  hap¬ 
pen  under  an  exhaufted  receiver. 

Certain  it  is,  whatever  be  the  caufe  of  it,  which  I 
pretend  not  to  determine,  that  there  is  fuch  an  attra¬ 
ction  between  water  and  other  liquors  to  glafs  and  fe- 
veral  other  bodies.  And  as  there  are  attractions  be¬ 
tween  feveral  particular  bodies,  fo  we  may  obferve 
others  mutually  to  repel  each  other.  Thus  do  the  par¬ 
ticles  of  air  feem  to  fly  afunder  with  forces  recipro¬ 
cally  proportionable  to  their  diftances,  and  thereby 
compofe  an  elaftical  fluid,  whofe  denfity  is  as  the 
force  which  compreffes  it.  After  the  fame  manner  it 
is  very  probable  that  air  endeavours  to  recede  from 
feveral  denfe  bodies.  Thus  alfo  do  feveral  other,  as 
well  folid  as  fluid  bodies, feem  to  repel  each  other,  and 
this  is  what  Dr.  Hook  took  notice  of  in  many  bodies 
which  he  therefore  calls  incongruous.  Inftances  e- 
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nough  of  this  kind  may  be  feen  in  the  lad  query  at 
the  end  of  the  lad  edition  of  Sir  Ifaac  Newton's  Op- 
ticks,  which  I  forbear  to  tranfcribe.  Whoever  will 
read  thofe  few  pages  of  that  excellent  book,  may  find 
there  in  my  opinion,  more  iolid  foundations  for  the 
advancement  of  natural  phiiofophy,  than  in  all  the 
volumes  that  have  hitherto  been  pubiifhed  upon  that 
fubjeft. 

But,  to  proceed  with  our  drop  of  water,  we  may 
obferve  that  the  force  of  the  attra&ion  I  have  been 
fpeaking  of,  is  of  a  certain  determinate  quantity.  If 
the  drop  be  too  big,  it  will  fall  off,  the  force  of  its 
own  weight  being  greater  to  feparateit,  than  the  force 
of  attraction  to  hinder  that  reparation.  As  the  part 
of  the  furface  of  the  glafs,  to  which  the  drop  is  conti¬ 
guous,  is  larger,  fo  will  it  bear  up  a  greater  drop;  a 
larger  furface  having  proportionably  a  greater  attra¬ 
ction. 

It  is  eafy  to  apply  what  has  been  faid  concerning  a 
plane  furface,  to  the  inner  concave  furface  of  a  nar¬ 
row  cylindrical  tube.  It  cannot  but  be  evident,  that 
this  ought,  as  well  as  the  other,  to  attraCt  and  hold 
up  a  certain  weight  of  water  within  the  tube.  The 
attracting  furface  does  in  this  cafe  every  way  furround 
the  drop,  and  by  that  means  has  a  much  greater  ad¬ 
vantage  to  bear  it  up,  than  if  it  were  a  plane,  and 
could  thereby  touch  it  only  in  one  of  its  fides.  Now 
as  the  diameter  of  the  tube  becomes  leffer,  fo  is  this 
advantage  ftill  increafed  ;  for  it  is  well  known  that 
the  furfaces  of  cylinders  bear  a  greater  proportion  to 
their  capacities,  as  their  diameters  are  more  and  more 
diminifhed,  the  furfaces  decreafing  only  in  the  fame 
proportion  with  the  diameters,  and  their  capacities 
decreafing  in  a  proportion  which  is  duplicate  of  that 
of  the  diameters.  Hence  it  comes  to  pafs  that  the  wa¬ 
ter  can  be  held  up  at  a  greater  altitude  as  the  tube  is 
narrower,  which  is  the  thing  we  were  chiefly  con¬ 
cerned  to  account  for.  It 
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It  is  plain  From  thefe  principles,  that  the  event 
ought  to  be  the  fame  in  vacuo  and  in  the  open  air  ; 
that  the  fame  quantity  of  liquor  ought  to  be  fufpend- 
ed  in  the  tube  when  taken  out  of  the  veflel,as  was  be¬ 
fore  elevated  above  the  furface  of  the  liquor  contain¬ 
ed  in  the  veffel;  that,  if  when  the  tube  is  taken  out  of 
the  veflel,  a  piece  of  glafs  be  applied  to  its  under  o- 
rifice,  fo  as  to  touch  the  fufpended  liquor,  by  attra¬ 
ction  it  will  caufe  it  to  defcend  out  of  the  tube.  The 
experiments  of  capillary  fyphons  are  explicable  up¬ 
on  the  fame  grounds.  The  liquor  afcends  to  the  top 
of  the  flexure  by  the  attraction  I  have  been  fpeak- 
ing  of,  and  then  by  its  own  weight  it  defcends  along 
the  other  leg.  It  would  be  tedious  to  inftance  in  more 
particulars  ;  the  application  of  what  has  been  faid  to 
other  cafes,  is  fo  eafy  that  no  body  can  mifs  of  it. 

The  reafon  of  the  different  figures  of  the  furfaces 
of  fluids,  is  very  obvious  and  depends  upon  the  fame 
principles.  Water  forms  itsfelf  into  a  concave,  the 
Superficial  parts  of  it,  which  are  near  the  Aides  of  the 
tube,  being  attracted  upwards  to  the  glafs.  Quickffl- 
ver  forms  itsfelf  into  a  convex,  being  repelled  from 
the  glafs  {a),  which  repulfion  isalfo  the  caufe  why  it 
does  not,  as  water,  afcend  above  the  level  in  capil¬ 
lary  glafs-tubes,  but  on  the  contrary  remains  below 
it.  If  two  liquors  be  placed  in  the  fame  tube  conti¬ 
guous  to  each  other,  and  both  be  equally  attracted 
to  the  fldes  of  the  tube,  their  common  furface  will 
be  a  plane.  If  one  be  fomewhat  more  attracted  than 
the  other,  that  which  is  mo  ft  attracted  will  have  a 
concave  furface,  and  the  other  which  is  Ids  attracted. 


(a)  This  repulfion  is  not  real  but  only  apparent  and  relative. 
For  Dr.  Jurin  has  plainly  fhewn,  that  glafs  attracts  the  particles- 
of  quickfilver,  but  not  fo  ftrongly  as  they  attraft  one  another ;  and 
upon  this  principle  has  clearly  explained  the  phenomena  of  quick¬ 
filver  in  capillary  tubes  and  between  glafs  planes.  Phil.Tranf. 
N°.  363. 
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muft  of  confequence  have  a  convex,  the  furfaces  of 
the  two  liquors  being  contiguous ;  and  thus  a  liquor 
whofe  furface  is  concave  when  expofed  to  the  air* 
may  have  that  furface  changed  into  a  convex,  by  the 
contact  of  another  liquor  which  is  more  powerfully 
attracted  to  the  fides  of  the  containing  veflel  than  its- 
felf. 

It  is  not  difficult  to  underftand  that  the  experi¬ 
ments  we  made  concerning  the  motions  of  floating 
bodies  are  deducible  from  the  likecaufes.  If  any  one 
would  be  more  particularly  informed  about  this  mat¬ 
ter,  he  may  confult  Mr.  Marriott? §  Traite  du  move¬ 
ments  des  eaux,  or  the  fourth  volume  of  Du  Hamel's 
Burgundian  philofophy. 

From  what  has  been  faid  concerning  the  afcentof 
liquors  in  capillary  tubes,  we  may  eafily  underftand 
how  filtrations  of  all  forts  are  performed.  If  a  tube 
be  filled  with  fand  or  lifted  affies  well  prefled  toge¬ 
ther,  and  one  end  of  it  be  placed  in  a  veflel  of  water* 
the  water  will  be  attracted  by  the  fand  or  allies,  and 
rife  to  a  great  height  above  the  level  of  that  with¬ 
in  the  veflel.  Thus  if  any  part  of  a  piece  of  cap-pa¬ 
per,  or  a  fpunge,  or  a  piece  of  bread  or  fugar,  or  of 
linnen,  or  of  feveral  other  fubftances,  be  wetted,  the 
moifture  will  be  propagated  to  the  other  parts  by  the 
power  of  attradlion. 

This  is  the  caufe  of  the  afcent  of  fpirit  of  wine* 
oyl,  melted  tallow  and  other  unftuous  bodies,  into 
the  wick  of  a  lamp  or  candle.  It  is  very  reafonable 
to  believe  that  this  is  alio  the  caufe  of  the  afcent  of 
the  lap  in  trees,  and  of  the  various  fecretions  of  flu¬ 
ids  through  the  glands  of  animals,  and  of  feveral  o- 
ther  effeds  in  nature,  which  any  thinking  perfon 
cannot  mifs  oft 
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LECTURE  XII. 


The  air-pump  and  inftrumentsfor  condenfing  and  trans¬ 
ferring  air  \  their  fabrick ,  operation  and  gages  ex¬ 
plained. 


Having  in  the  firft  week  of  this  courfe  by  fe- 
veral  deductions  and  conclufions  from  experi¬ 
ments,  which  we  thought  to  be  the  moil  pertinent, 
endeavoured  to  eflablifh  the  true  and  genuine  prin¬ 
ciples  of  hydroftaticks,  and  to  demonftrate  themoft 
fundamental  properties  of  fluid  bodies  in  general,  we 
proceeded  in  the  fecond  week  to  a  more  particular 
confederation  of  the  air  *,  a  fluid  contrived  by  the  wife 
Author  of  nature  for  fo  many  various,  admirable  and 
excellent  ends  and  purpofes,  and  manifeftly  fitted  to 
have  fo  univerfal  and  ufeful  an  influence  upon  the 
whole  fyftem  of  bodies  we  are  particularly  concern¬ 
ed  with,  that  it  very  much  deferves  our  utmofl  dili¬ 
gence  and  moil  careful  examination.  It  has  been  al¬ 
ready  proved,  I  think  beyond  any  reafonable  contra¬ 
diction,  that  this  fubtle  element  is  by  no  means  pri¬ 
vileged  or  exempted  from  that  catholick  law  of  gra¬ 
vitation,  to  which  (as  far  as  appears  from  obferva- 
tions  that  have  hitherto  been  made  by  inquifitive  phi- 
lofophers)  all  matter  is  alike  and  equally. fubjeCt,  of 
what  form  or  texture  foever  it  be  j  and  it  is  upon  the 
account  of  this  its  ponderoufnefs  and  its  fluidity  that 
it  is  qualified  to  exhibit  all  the  various  appearances 
of  other  fluid  and  heavy  bodies,  as  has  been  made  ma- 
nifeft  in  feveral  inftances,  when  we  compared  the  re¬ 
markable  phenomena  of  the  Torricellian  tube,  of 
pumps,  fyringes,  fyphons,  polifhed  plates  and  fome 
other  effeCfs  of  the  like  nature,  with  the  more  com¬ 
mon  and  obvious,  and  therefore  lefs  furprifing,  ef¬ 
fects  of  grofier  and  more  fenfible  fluids,  fuch  as  wa¬ 
ter  and  quickfiiver.  We 
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We  have  found  moreover  that  the  air  is  endowed 
with  a  very  confiderable  power  of  elaflicity  or  fprin- 
ginefs,  by  which  it  perpetually  endeavours  to  ex¬ 
pand  itfelf  into  larger  dimenfions,  and  to  remove  the 
obftacles,  whatever  they  be,  which  confine  it  to  the 
bounds  in  which  it  happens  at  any  time  to  be  con¬ 
tained.  We  have  feen  alfo  that  it  exerts  this  power 
the  more  forcibly  as  it  is  the  more  clolely  imprifon- 
ed  and  crowded  together-,  and,  as  if  it  weredefirous 
of  its  liberty  in  the  fame  meafure  in  which  it  wants 
it,  experience  has  fhewed  us  that  the  force  it  employs 
to  regain  its  freedom,  I  mean  its  elaflicity,  is  ever 
proportionable  to  its  coar&ation  or  denfity. 

From  hence  was  deduced  a  method  of  determining 
its  rarefa&ions  in  the  feveral  regions  above  the  fur- 
face  of  the  earth.  You  may  remember  it  was  proved 
that  as  its  altitude  increafed  by  equal  intervals  or  in 
an  arithmetical  progrefiion,  fo  the  degrees  of  rarity 
v/ere  augmented  in  a  geometrical  progrefiion.  Thefie 
affections  of  the  air  and  fome  others,  which  I  need 
not  now  recall  to  your  memory,  have  been  already 
made  out  in  the  preceding  week.  But  the  proofs  we 
made  ufe  of,  though  they  are  very  well  fitted  to  fa- 
tisfy  and  convince  thofe  who  are  able  to  give  them 
an  attentive  and  impartial  confideration,  yet  are  they 
of  fuch  a  nature  as  to  afford  fome  little  fcope  for  the 
petty  cavils  and  exceptions  of  fome  phiiofophers, 
whofe  former  prejudices  had  made  it  feem  their  in- 
tereft  tooppofe  them  and  being  rather  the  remote 
deductions  of  reafon  than  the  immediate  impreflions 
of  fenfe,  they  may  have,  upon  that  fcore,  the  lefs 
weight  and  moment  to  determine  the  affent  of  men 
who  are  not  much  accuftomed  to  abflraCled  {pecula¬ 
tions,  but  are  generally  to  be  wrought  upon  and  con¬ 
vinced  by  motives  of  a  more  fenfible  kind,  and  lefs 
different  from  the  vulgar  apprehenfions  they  frame 
to  themfelvesof  the  natural  appearances  of  things. 
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We  (hall  now  proceed  in  the  remaining  part  of  our 
courfe  to  another  fet  oftryals,  which  will  notbe  fo  lia¬ 
ble  to  the  abovementioned  objection.  Thefe  carrying 
a  more  fenfible  evidence  along  with  them,  are  for  the 
molt  part,  Sufficient  of  themfelves  to  procure  our  af- 
fent  and  intire  conviction  without  any  further  rein¬ 
forcements,  or  the  affiftanceof  remote  inferences  to 
bring  them  home  to  our  underftanding.  For  which 
reafon,  that  I  may  not  give  you  or  myfelfany  unne¬ 
cessary  trouble,  or  mifpendour  time  to  noufeful  pur- 
pofe,  I  (hall  endeavour  to  avoid  all  needlefs  prolixity 
in  my  future  leCtures,  and  ffiall  oftentimes  alfo  omit 
to  read  any,  when  either  the  matter  has  already  been 
formerly  treated  of,  or  is  of  itfelf  fo  evident  as  not  to 
require  any  further  illuftration,  or  laftly,  which  I  con- 
fefs  will  Sometimes  happen,  is  of  fo  difficult  a  nature 
that  I  cannot  pretend  to  fatisfy  myfelf  as  to  the  true 
caufes  of  fuch  furprifing  appearances  *,  and  I  am  not 
willing  to  go  about  to  amufe  you  with  conjectures  and 
Seeming  probabilities  or  plaufibly  contrived  hypo- 
thefes. 

It  is  not  long  ago  Since  this  method  was  very  much 
in  vogue,  but  we  have  feen  it  of  late  give  way  to  a 
founder  and  furer  manner  of  philofophizing.  It  is  no 
very  difficult  matter  for  ingenious  men,  who  have  fuf¬ 
ficient  leifure,to  frame  to  themfelves  fuch  principles  of 
nature  as  may  ferve  to  explain  any  particular  appear¬ 
ance  whatfoever.  But  then  the  theories  which  are 
thus  advanced,  ought  to  be  looked  upon  only  as  phi¬ 
losophical  romances,  and  the  witty  fiClionsof  inven¬ 
tive  brains,  unlefs  the  truth  of  thofe  principles  and 
their  real  exigence  can  be  demonstrated,  and  put  be¬ 
yond  difpute  by  proper  experiments.  Where  this  can¬ 
not  eafily  be  done,  it  is  the  fafeft  way,  if  wearedeft- 
rous  to  be  free  from  error  and  prejudice,  to  wait  till 
Some  further  light  may  be  afforded  us  by  future  ob¬ 
servations.  The  mind  of  man  indeed  is  naturally  de- 
fxrous  of  Something  to  reft  upon,  Something  in  which 
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it  may  acquiefcea^d  on  which  it  may  terminate  its 
view  ;  it  is  a  fort  of  pain  to  it  to  be  held  long  in  fu- 
fpenfe,  and  therefore  we  are  willing  to  take  up  with 
any  fair  fhew  of  an  hypothecs,  rather  than  continue, 
as  we  are  apt  to  imagine,  in  a  greater  degree  of  un¬ 
certainty,  But  we  ought  to  confider  (befides  that  thefe 
hafty  and  ill  grounded  conclufiOns  argue  a  certain 
weaknefsand  levity  in  us)  that  by  thus  greedily  catch¬ 
ing  at  thefhadow  we  commonly  lofe  the  fubftance  $ 
nothing  being  fo  great  an  obftacle  to  the  reception 
of  truth,  when  it  comes  tobepropofed,  as  thefe  dar¬ 
ling  phantoms  which  ufe  and  cuftomdoesat  length 
perfuade  us  to  be  realities.  Thus  from  the  time  that 
the  philofophy  0 fDes  Cartes  t irft  appeared,  the  ex - 
iftence  of  his  materia  fubtilis  has  been  looked  upon  as 
a  thing  not  to  be  queftioned  *,  the  celebrated  feats  and 
wonderful  operations  of  it,  have  in  a  manner  intoxi¬ 
cated  the  minds  of  men,  and  po ffe fled  them  with  a 
fort  of  madnefs  •,  infomuch  that  any  attempts  which 
hawe  been  made  again  ft  it,  have  been  thought  to  be 
of  the  moft  dangerous  confequence,  as  tending  to 
fubvert  the  very  foundations  of  all  fcience.  Even  Hu~ 
genius  himfelf,  that  great  mafter  ofreafoning,  as  he 
has  upon  other  occafions  (hewed  himfelf  to  be,  was 
drawn  afide  from  purfuing  better  things,  by  the  fond- 
nefs  he  had  entertained  for  this  principle*,  which  by 
a  fort  of  legerdemain  could  fo  eafily  be  applied  to 
the  folution  of  the  moft  intricate  and  perplexing  dif¬ 
ficulties  of  nature.  One  might  reafonably  have  ex¬ 
pected  that  this  great  man,  who  appears  to  have  been 
of  a  very  candid  and  ingenuous  temper,  after  he  had 
feen  and  confidered  the  incomparable  Principia  of  Sir 
Ifaac  Newton ,  and  in  particular  the  application  of 
them,  in  accounting  for  the  heavenly  motions  to  fuch 
a  wonderful  degree  ofexaCtnefs  *,  andfo  lull  and  clear 
a  demonftration  of  the  infufficiency  of  the  Cartefian 
vprtices,  one  might  have  expected,  I  fay,  that  after 
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this  further  information,  he  would  not  have  been  a- 
verfe  to  have  altered  his  fentiments.  Notwithftand- 
ing  this,  though  he  expreftes  an  extraordinary  plea- 
fure  and  fatisfadtion  upon  the  reading  of  that  admi¬ 
rable  book  (which  he  fays  he  looks  upon  as  a  fur- 
prifing  inftance  of  the  great  ftrength  and  capacity  to 
which  it  is  poflible  for  the  mind  of  man  to  arrive)  yet 
we  fee  he  could  not  willingly  change  his  own  prin¬ 
ciples  for  others ;  and  it  was  im poflible  for  him  to  for- 
fake  an  hypothefis  which  he  had  himfelf  very  much 
cultivated,  and  was  fo  long  accuftomed  to.  So  great 
is  the  force  of  prejudice  that  an  ill  grounded  opinion 
fhall  often  prevail,  by  long  prefcription,  toobftrudt 
the  evidence  of  a  well  demonftrated  certainty.  For 
my  part  I  think  it  more  advifeable  to  profefs  our  ig¬ 
norance  where  the  truth  is  not  yet  difcovered,  than 
to  pretend  a  knowledge  which  may  for  ever  hinder 
us  from  attaining  it. 

But  to  come  more  immediately  to  the  bufinefs  of  this 
day,  the  inftruments  under  our  prefent  confideration, 
which  we  fhall  chiefly  employ  in  the  remaining  part 
ofourcourfe,are  the  air-pump  andcondenfer.By  thefe 
we  are  affifled  to  make  a  great  variety  of  tryals,  con¬ 
cerning  the  influence  and  operation  of  the  air  under 
its  molt  different  conftitutions,  from  a  very  great  de¬ 
gree  of  denfity  to  an  almoft  infinite  rarefadtion. 

The  condenfer  is  an  inflrument  whofe  invention  is 
fo  very  obvious,  that  it  was  impoflible  it  fhould  efcape 
the  curiofity  of  former  ages.  It  has  been  fo  very  long 
in  ufe  that  I  cannot  pretend  to  aflign  its  origin. 

The  air-pump  was  fir  ft,  that  I  know  of,  contrived 
and  brought  into  ufe  by  Otto  Guericke  conful  of  Mag¬ 
deburg,  fome  time  before  the  year  1 654 ;  for  then  it 
feems  this  ingenious  gentleman,  being  employed  in 
a  publick  negotiation  at  Ratifbon,  had  an  occafion 
offered  him  of  fhewing  his  engine  to  the  Emperor 
and  fome  other  princes  there  prefent  j  among  whom 
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theEle&orandArchbiflhop  of  Mentz  was  particular¬ 
ly  delighted  with  the  contrivance  of  the  inftrument, 
and  the  curious  experiments  exhibited  by  it ;  info- 
much  that  he  became  very  deftrous  of  having  fuch 
another  machine  made  for  his  own  ufe.  But  this  could 
not  eafily  be  effe&ed  by  reafon  of  the  fhort  ftay  they 
had  to  make  at  Ratilbon,  and  for  want  of  skilful 
workmen.  However  he  prevailed  with  the  inventor 
to  part  with  his  own  apparatus ,  and  at  his  return  car¬ 
ried  it  home  with  him  to  Wurtzburgh.  Here  it  was 
that  the  learned  and  diligent  Jefuit  father  Schottus, 
being  then  profefibr  of  the  mathematicks  in  that 
univerfity,  had  firft  the  fight  of  it,  together  with 
fome  other  curious  and  learned  perfons.  The  arch- 
bifhop  was  pleafed  himfelf  to  give  them  an  account 
of  the  engine,  and  a  relation  of  the  experiments  he 
had  feen  the  inventor  perform  at  Ratifbon.  Thefe 
they  tryed  over  feveral  times  in  his  prefence,  and  it 
was  not  long  before  they  themfelves  alfo  made  feve¬ 
ral  other  new  ones  of  the  like  nature. 

The  fame  of  thefe  firft  efiays  was  quickly  fpread 
abroad  by  the  large  correfpondence  which  Schottus 
held  with  learned  men  in  moft  parts  of  Europe',  but 
more  particularly  in  the  year  1657,  when  he  publifh- 
ed  his  Mechanica  Hydraulico-P neumatica  ;  to  which 
as  an  appendix  he  added  a  diftintft  and  full  account  of 
thefe  Magdeburgick  experiments  as  he  called  them. 
In  the  year  1664  he  publifhed  his  Technica  curiofa , 
and  gave  a  further  relation  of  other  new  experiments 
which  had  been  made  fince  the  printing  of  his  for¬ 
mer  book.  After  this  the  famous  inventor  himfelf 
Otto  Guericke ,  in  the  year  1672,  was  pleafed  to  give 
a  moft  perfect  narrative  of  his  own  tryals,  in  his 
book  which  he  calls  Experimenta  nova  Magdeburgica 
de  vacuo ■ /patio.  They  who  are  curious  to  underftand 
the  particular  fabrick  of  thefe  firft  engines,  and  to 
obferve  the  gradual  improvements  whi^h  have  been 
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made  in  thefe  matters  abroad,  may  receive  full  fatif- 
fa (51  ion  by  con fuking  the  books  I  have  been  mention- 
ing. 

But  it  is  time  now  that  I  return  to  our  own  coun¬ 
tryman,  the  excellent  Mr.  Boyle ,  whom  I  fear  I  fhall : 
be  thought  to  have  injured  by  afcribing  thefe  firft  in¬ 
ventions  to  a  foreigner.  The  air-pump  indeed  is  fo 
generally  known  by  the  name  of  the  Machina  Boyli - 
ana,  and  the  void  fpace  produced  by  it  is  fo  common¬ 
ly  called  the  vacuum  Boylianum ,  that  many  are  there¬ 
by  perfuaded  to  believe,  they  owe  their  original  con¬ 
trivance  to  this  Englifh  philofopher.  For  my  part 
I  fhould  rather  chufe  to  give  another  reafon  for  thefe 
appellations,  by  faying  that  the  engine  and  void  fpace 
do  very  juftly  bear  the  name  of  Mr.  Boyle ,  fmce  who¬ 
ever  might  happen  to  be  the  inventor  of  them,  his 
certainly  was  the  more  excellent  part,  to  have  firft 
applied  them  tofuch  admirable  and  ufeful  purpofes : 
it  being  confefied  ori  all  hands  that  the  glory  of  the 
Englifh  experiments,  has  in  a  manner  totally  obfcur- 
ed  that  of  the  Magdeburgiek. 

As  to  the  contrivance  of  the  inftrument,  he  does 
bimfelf  ingenuoufty  confefs  that  it  was  not  his  own, 
in  his  letter  written,  two  years  after  Schottus’s  firft 
book  was  publi filed,  to  the  Lord  Dungarvan ,  his  ne¬ 
phew,  who  was  then  at  Paris  in  which  letter  are  the 
following  words,  which  I  think  not  amifs  to  be  re¬ 
peated  to  you,  that  you  may  the  better  underftand 
the  occafion  and  manner  of  his  firft  attempts  upon 
this  fuhjeft 44 1  fhould  immediately  proceed,  fays  he, 
44  to  the  mention  of  my  experiments,  but  that  I  like 
44  too  well  the  worthy  faying  of  the  naturalift  Pliny, 
44  Benignum  eft  &  plenum  ingenui  pudoris,  fateri  per 
44  quos  prof eceris,  not  to  conform  to  it,  by  acquaint- 
44  ing  your  Lordfhip,  in  the  firft  place,  with  the  hint 
44  I  had  of  the  engine  I  am  to  entertain  you  with. 
44  You  may  be  pleafed  to  remember,  that  a  while  be- 
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44  fore  our  reparation  in  England,  I  told  you  of  a 
44  book  that  I  had  heard  of,  but  not  perufed,  pub- 
*c  lilhed  by  the  induftriousjefuit  Schottus ,  wherein  it 
44  was  faid,  he  related  how  that  ingenious  gentleman 
44  Otto  Guericke ,  conful  of  Magdeburg,  had  lately 
44  pradlifed  in  Germany,  a  way  of  emptying  glafs  vef- 
44  fels,  by  fucking  out  the  air  at  the  mouth  of  the 
44  veffel  plunged  under  water.  And  you  may  alfo 
44  perhaps  remember,  that  I  exprelfed  myfelf  much 
44  delighted  with  this  experiment,  fince  thereby  the 
44  great  force  of  the  external  air,  either  rufhing  in  at 
44  the  opened  orifice  of  the  emptied  veffel,  or  vio- 
46  lently  forcing  up  the  water  into  it,  was  rendered 
44  more  obvious  and  confpicuous  than  in  any  experi- 
44  mentthat  I  had  formerly  feen.  And  though  it  may 
44  appear  from  fome  of  thofe  writings  I  fometimes 
44  ihewed  your  lordfiiip,  that  I  had  been  felicitous 
66  to  try  things  upon  the  fame  grounds,  yet  in  re- 
44  gard  this  gentleman  was  beforehand  with  me  in 
44  producing  fuch  confiderable  effects,  by  means  of 
46  the  exfudtion  of  air,  I  think  myfelf  obliged  to 
44  acknowledge  the  affiftance  and  encouragement, 
46  which  the  report  of  his  performance  hath  afford- 
44  me.  But  as  few  inventions  happen  to  be  at  firft 
44  fo  com  pi  eat,  as  not  to  be  either  blemifhed  with 
4£  fome  deficiencies  needful  to  be  remedied,  or  other- 
44  wife  capable  of  improvement,  fo  when  the  engine 
44  we  have  been  fpeaking  of,  comes  to  be  more  at- 
44  tentively  confidered,  there  will  appear  two  very 
44  confiderable  things  to  be  defired  in  it.  For  firft, 
44  the  wind-pump,  as  fomebody  not  improperly  calls 
4C  it,  is  fo  contrived,  that  to  evacuate  the  veffel  there 
44  is  required  the  continual  labour  of  two  ftrong  men 
44  for  divers  hours.  And  next,  which  is  an  imperfe- 
44  dtion  of  much  greater  moment,  the  receiver,  or 
44  glafs  to  be  emptied,  confiding  of  one  entire  and 
44  uninterrupted  globe  and  neck  of  glafs,  the  whole 
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84  engine  is  fo  made,  that  things  cannot  be  conveyed 
84  into  it,  whereon  to  try  experiments:  fo  that  there 

84  feems  but  little,  if  any  thing,  more  to  beexpefted 

85  from  it,  than  thofe  very  few  phenomena  that  have 
84  been  already  obferved  by  the  author  and  recorded 
84  by  Schottus.  Wherefore  to  remedy  thefe  inconve- 
84  niencies,  I  put  both  Mr.  Gratorix  and  Mr.  Hook 
84  to  contrive  fome  air-pump  that  might  not,  like 
84  the  other,  need  to  be  kept  under  water,  and  might 
84  more  eafily  be  managed.  And  after  an  unfuccefs- 
84  ful  tryal  or  two  of  ways  propofed  by  others,  Mr. 
84  Hook  fitted  me  with  a  pump  anon  to  be  defcrib- 
84  ed.33 

This  air-pump  of  Dr.  Hook's  contrivance  was,  it 
feems,  the  firft  that  Mr.  Boyle  made  ufe  of.  It  was  in¬ 
deed  more  perfeft  than  that  defcribed  by  Schottus  in 
his  Mechanlca  Hydraulico-Pneumatica ,  yet  ftill  it  la¬ 
boured  with  feveral  imperfections,  and  was  not  fo 
commodious  in  many  refpedts  as  might  be  defired; 
particularly  it  was  furniflied  but  with  one  fingle  re¬ 
ceiver,  always  fixed  to  the  body  of  the  engine ;  which 
therefore  it  was  requifite  fhould  be  very  capacious  to 
be  fitted  for  all  manner  of  tryals.  Now  this  great 
capacity  of  the  receiver  made  it  necefiary  to  employ 
a  confiderable  time  for  its  exhauftion  *,  but  this  was 
an  inconvenience  which  could  not  eafily  be  difpenf- 
ed  with  in  many  experiments  that  required  a  fpeedy 
evacuation ;  and  moreover  a  variety  in  the  form  of 
the  receivers  to  be  made  ufe  of,  would  better  fuit 
with  the  variety  of  the  fubjefts  which  were  to  be  en¬ 
quired  into.  Hence  I  fuppofe  it  was,  that  after  he  had 
made  his  firfi:  experiments  with  this  engine,  and  had 
publifhed  them  in  the  form  of  a  letter  to  his  nephew, 
under  the  title  of  Phyfico- Mechanical  experiments  touch¬ 
ing  the  fpring  of  the  air  and  its  effedls,  he  thought  it  re¬ 
quifite  to  make  an  alteration  and  improvement  of 
his  inflrument  before  he  proceeded  to  a  further  pro- 
fecution  of  his  defign.  The 
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The  defcription  of  this  fecond  air-pump  of  Mr. 
Boyle ,  may  be  feen  in  the  firft  continuation  of  his 
Phyfico-Mechanical  Experiments.lt  confifled^as  the 
Former,  only  of  one  lingle  barrel,  by  which  the  re- 
ceiver  was  evacuated  *,  but  this  barrel  was  now  con¬ 
trived  to  be  every  way  furrounded  with  water,  the 
better  to  prevent  any  poffible  regrefs  of  the  air.  The 
receivers,  which  were  now  of  feveral  fhapes  and  big- 
xiefies,  were  clofed  to  an  iron  plate,  upon  which  they 
were  placed  by  the  means  of  a  foft  cement,  and  fo 
they  could  eafily  be  removed  and  changed  as  occafi- 
on  required.  He  had  not,  it  feems,  as  yet  thought  of 
that  eafier  expedient  of  fixing  them  to  the  table  on 
which  they  flood,  by  the  interpofition  of  a  wet  lea¬ 
ther. 

The  experiments  related  in  the  fecond  continua¬ 
tion  of  this  Honourable  Author,  were  made  with  an 
engine  different  from  the  two  former.  It  was  the  con¬ 
trivance  of  Mr.  Papin ,  whofe  affiftance  Mr.  Boyle  6. id 
alfo  make  ufe  of  in  the  tryals  themfeJves.  This  third 
air-pump  was  much  more  convenient  than  the  for¬ 
mer,  and  the  advantage  lay  chiefly  in  thefe  two  par¬ 
ticulars.  Firft,  whereas  the  former  engines  had  only 
one  Angle  barrel  and  one  fucker  or  embolus,  this  was 
furnifhed  with  two  barrels  and  two  fuckers,  and  thefe 
two  fuckers  being  alternately  raifed  and  depreffed, 
caufed  the  evacuation  to  be  continual  *,  which  effed 
could  not  be  obtained  by  a  Angle  fucker,  it  being 
*  neceffary  that  the  evacuation  fhould  ceafe  during 
the  time  in  which  the  fucker  is  forced  in  towards 
the  bottom  of  the  barrel.  But  befidesthis  advantage 
of  performing  the  operation  in  half  the  time  it  could 
be  done  with  a  Angle  fucker,  the  labour  alfo  in  do¬ 
ing  it  was  exceedingly  leffened.  The  chief  difficulty 
complained  of  in  Angle-barrelled  pumps,  is  the  very 
great  refiftance  which  the  external  air  makes  againft: 
the  fucker  as  it  is  drawn  outwards  j  and  this  refift- 

K  4  sncc 


.1^6  Vhe  air-pump  Le<fh 

^nce  increafes  as  the  receiver  is  more  and  more  ex^ 
haufled,  the  counterballance  of  the  internal  againfl 
the  external  air  being  thereby  more  and  more  dimi- 
niffied  *,  fo  that  if  the  barrel  be  of  a  coniiderable  wide- 
nefs,  it  may  be  impoffible  for  the  flrength  of  any  one 
man  to  work  the  engine  any  longer.  Now  this  refift- 
jance  of  the  external  air  is  entirely  taken  off  by  mak¬ 
ing  ufe  of  two  fuckers  inflead  of  one.  They  are  fo 
connected  together  by  the  fabrick  of  the  inflrument, 
that  as  the  one  defcends,  fo  the  other  muflof  neceffi- 
ty  afcend  at  the  fame  time  ^  and  confequently  the  re¬ 
finance  of  the  external  air,  hindering  the  afcent  of 
the  one  as  much  as  it  promotes  the  defcent  of  the  o- 
ther,  by  contrary  effects  lofes  its  force  upon  both.  I 
cannot  illuflrate  this  better  than  by  comparing  it  with 
ballance.  If  a  fingle  weight  be  placed  at  one  of  its 
extremities,  we  perceive  a  difficulty  in  moving  the 
beam  to  make  the  weight  afcend,  and  this  difficulty 
Increafes  as  the  weight  is  greater.  But  if  you  place 
another  weight  equal  to  the  former  at  the  oppofite 
extremity,  the  difficulty  in  moving  the  beam  will 
entirely  ceafe,  how  great  foever  the  two  equal  weights 
may  be  fuppofed  to  be* 

The  other  particular  in  which  this  air-pump  ex¬ 
celled  the  former,  was  the  advantage  of  its  valves.  In 
the  two  firft  engines,  whilft  the  fucker  was  drawn 
outwards,  you  was  obliged  at  the  fame  time  to  turn 
a  flop-cock,  to  make  way  for  the  air  in  the  receiver 
to  pafs  from  thence  into  the  barrel ;  and  when  this 
air  was  to  be  excluded  from  the  barrel,  as  the  fucker 
was  moved  inwards,  you  was  obliged  again  to  turn 
the  flop-cock,  to  prevent  the  air  from  reverting  in¬ 
to  the  receiver,  and  at  the  fame  time  to  give  it  a  paf- 
fage  outwards,  a  flopple  or  plug  was  to  be  remov¬ 
ed,  which  doled  the  hole  through  which  it  wyas  to 
pafs,  and  then  again  this  hole  was  to  be  flopped  up 
$i)d  the  cock  to  be  turned  again  as  more  air  was  drawn 
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from  the  receiver  *,  and  this  labour  to  be  repeated  per¬ 
petually  folong  as  you  continued  to  work  the  pump* 
Now  the  valves  which  in  the  third  air-pump  fup- 
plied  the  place  of  the  plug  and  ftop-cock,  were  un¬ 
doubtedly  much  more  convenient,  in  that  of  them- 
felves  they  opened  to  give  the  air  a  palfage  forwards, 
and  fhut  tc  prevent  its  return  back  again.  I  will  not 
detain  you  any  longer  by  fpeaking  of  the  various 
forms  of  the  engine,  and  the  different  contrivances 
which  have  been  ufed  by  others.  I  have  not  obferv- 
ed  that  any  of  them  whofe  defcriptions  I  have  ever 
met  with,  has  been  fo  convenient  in  all  refpe&s,  as 
.the  air-pump  before  us,  which  was  made  by  that  ex¬ 
cellent  operator  the  late  Mr.  Haukjbee.  I  cannot  fay 
that,  in  the  main,  it  is  at  all  different  from  the  third 
of  Mr.  Boyle* s ;  what  little  alterations  may  be  ob- 
ferved  in  it,  are  I  think  for  the  better.  It  would  be  a 
lofs  of  time  to  go  about  to  defcribe  it  by  words, 
when  we  may  better  fee  the  contrivance  of  it  with 
our  eyes.  I  will  therefore  take  its  feveral  parts  afun- 
der,  and  then  endeavour  to  make  you  underfland  the 
ufe  of  each,  and  the  operation  of  the  whole,  as  clear¬ 
ly  and  diftinctly  as  I  can. 

LECTURE  XIII* 

An  account  of  the  feveral  fucceffive  degrees  in  which  the 
air  is  expanded  and  compr ejfed  by  the  air-pump  and 
condenfer . 

At  our  lafl  meeting  we  took  a  particular  view  of 
the  feveral  parts  of  which  our  engines  confifh 
I  lhall  therefore  fuppofe  you  to  be  fufficiently  ac¬ 
quainted  with  the  fabrick  and  contrivance  of  them, 
and  to  underhand  in  general  the  manner  of  their  o~ 
perations.  I  fay  in  general,  becaufe  there  are  fome 
particulars  which  yet  remain  at  this  time  to  be  dif- 
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courfed  of;  which  may  alfo  very  well  deferve  your 
confideration,  and  will  be  of  good  ufe  in  order  to 
frame  juft  and  true  apprehenfions  of  the  experiments 
which  will  hereafter  be  made.  I  fhall  begin  with  the 
air-pump,  and  reprefent  to  you  by  what  degrees  the 
air  contained  in  the  receiver  is  exhaufted. 

It  may  perhaps,  upon  the  firft  view,  feem  not  im¬ 
probable  tlrt  an  equal  evacuation  is  made  at  each 
ftroke  of  the  pump,  and  confequently  that  the  re¬ 
ceiver  may  after  a  certain  number  of  ftrokes  be  per¬ 
fectly  exhaufted ;  for  it  muft  be  allowed,  if  an  equal 
quantity  of  air  is  taken  away  at  every  ftroke,  that 
the  receiver  will  in  time  be  perfectly  exhaufted,  how 
fmall  foever  thofe  equal  quantities,  which  are  conti¬ 
nually  taken  away,  may  be  fuppofed  to  be.  Thus  if 
the  air  which  goes  out  of  the  receiver  at  each  turn  of 
the  pump,  be  but  the  hundredth  part  of  what  was  at 
firft  included  in  the  receiver,  it  is  certain  that  a  total 
evacuation  will  be  made  after  an  hundred  turns.  T hat 
things  are  thus,  may  at  firft  view  I  fay,  feem  not  im¬ 
probable,  but  if  weconfider  the  matter  more  nearly 
we  fhall  find  it  to  be  far  otherwife. 

What  I  fhall  endeavour  to  make  out  to  you  is  this; 
that  the  quantities  exhaufted  at  every  ftroke  are  not 
equal,  but  are  perpetually  diminifhed,  and  grow  lefif- 
er  always  fo  long  as  you  continue  to  work  the  pump; 
that  no  receiver  can  ever  be  perfectly  and  intirely 
evacuated,  how  long  time  foever  you  employ  for  that 
purpofe,  notwithstanding  that  the  engine  be  abfo- 
lutely  free  from  all  defeCts  and  in  the  greateft  per¬ 
fection  which  can  be  imagined.  It  may  appear  to  be 
a  paradox,  that  a  certain  quantity  of  the  air  in  the  re¬ 
ceiver  fhould  be  removed  at  every  turn  of  the  pump, 
and  yet  that  the  whole  can  never  be  taken  away ;  but 
I  hope  I  fhall  eafily  fatisfy  you  that  it  is  not  a  mif- 
take.  Laftly,  that  I  may  not  feem  too  much  to  de¬ 
preciate  the  value  of  our  engine,  I  have  this  further 
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to  fay  for  it,  that  though  it  be  impofTible  by  its 
means  to  procure  a  perfed  vacuum ,  yet  you  may  ap¬ 
proach  as  near  to  it  as  you  pleafe.  By  a  perfed  va¬ 
cuum  I  mean  in  refped  of  air  only,  not  an  abfolute 
vacuity  in  refped  of  every  thing  which  is  material ; 
for  not  to  mention  what  other  fubtle  bodies  may 
pofiibly  be  lodged  in  our  emptied  receivers,  it  is  mat¬ 
ter  of  fad  that  the  rays  of  light  are  not  excluded 
from  thence. 

In  order  to  make  out  thefe  alfertions  I  fhall  in  the 
firft  place  lay  down  this  rule.  That  the  quantity  of 
air  which  is  drawn  from  the  receiver  at  each  ftroke 
of  the  pump,  bears  the  fame  proportion  to  the  quan¬ 
tity  of  air  in  the  receiver  immediately  before  that 
ftroke,  as  the  capacity  of  the  barrel  into  which  the 
air  pafies  from  the  receiver,  does  to  the  capacity  of 
the  fame  barrel  and  the  capacity  of  the  receiver 
taken  together. 

You  may  remember  that  in  each  barrel  there  are 
two  valves,  whereof  the  lower  is  placed  at  the  bot¬ 
tom  of  the  barrel,  and  the  upper  is  fixed  upon  the 
embolus  or  fucker.  Now  the  hollow  fpace  which 
lies  betwixt  thefe  valves,  when  the  embolus  is  raifed 
as  high  as  it  can  go,  is  what  I  call  the  capacity  of  the 
barrel  for  the  other  part  of  the  cavity  of  the  bar¬ 
rel,  which  is  above  the  embolus  and  the  upper  valve, 
is  of  no  ufe  in  evacuating  the  receiver,  and  therefore 
ought  not  here  to  be  confidered.  Upon  a  like  ac¬ 
count,  by  the  capacity  of  the  receiver  I  mean,  not 
only  the  fpace  immediately  contained  under  the  re¬ 
ceiver,  but  alfo  all  thofe  other  hollow  fpaces  which 
communicate  with  it,  as  far  as  to  the  lower  valves : 
fuch  you  may  remember  are  the  cavity  of  the  pipe 
which  conveys  the  air  to  the  barrels,  and  the  cavity 
in  the  upper  part  of  the  gage  above  the  quicklilver. 
Thefe  additional  fpaces  are  very  fmall  and  inconsi¬ 
derable,  yet  if  we  would  be  exad,  they  alfo  muft  be 
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taken  into  the  account  and  looked  upon  as  parts  of 
the  receiver. 

Now  to  underftand  the  truth  of  the  rule,  we  muff 
obferve  that  as  the  embolus  is  moved  upwards  from 
the  bottom  of  the  barrel,  it  would  leave  a  void  fpace 
behind  it,  but  this  effect  is  prevented  by  the  rufhing 
in  of  air  from  the  receiver.  The  air,  you  know,  by 
its  elafticity  is  always  endeavouring  to  expand  itfelf 
into  larger  dimenfions,  and  it  is  by  this  endeavour 
that  it  opens  the  lower  valve,  and  paffes  into  the  hoi- 
low  part  of  the  barrel  as  the  embolus  gives  way  to 
it,  and  this  it  will  continue  to  do,  till  it  comes  to  have 
the  fame  denfity  in  the  barrel  as  in  the  receiver.  For 
Ihould  its  denfity  in  the  barrel  be  lefs  than  in  the  re¬ 
ceiver,  its  elaftick  force,  which  is  proportionable  to 
its  denfity,  would  be  lefs  alfo,  and  therefore  it  muft 
ftill  give  way  to  the  air  in  the  receiver,  till  at  length 
thedenfities  become  the  fame.  The  air  then  which  im¬ 
mediately  before  this  ftroke  of  the  pump,  by  which 
the  fucker  is  raifed,  was  contained  in  the  receiver 
only,  is  now  uniformly  diffufed  into  the  receiver  and 
the  barrel ;  whence  it  appears  that  the  quantity  of 
air  in  the  barrel,  is  to  the  quantity  of  air  in  the  bar¬ 
rel  and  receiver  together,  as  the  capacity  of  the  bar¬ 
rel,  is  to  the  capacity  of  the  barrel  and  receiver  to¬ 
gether.  But  the  air  in  the  barrel  is  that  which  is  ex¬ 
cluded  from  the  receiver  by  this  ftroke  of  the  pump, 
and  the  air  in  the  barrel  and  receiver  together,  is 
what  was  in  the  receiver  immediately  before  the 
ftroke  *,  therefore  the  truth  of  the  rule  is  very  evi¬ 
dent,  that  the  quantity  of  air  which  is  drawn  from 
the  receiver  at  each  ftroke  of  the  pump,  bears  the 
fame  proportion  to  the  quantity  of  air  in  the  receiver 
immediately  before  that  ftroke,  as  the  capacity  of 
the  barrel  into  which  the  air  paffes  from  the  receiver, 
does  to  the  capacity  of  the  fame  barrel  and  the  capa¬ 
city  of  the  receiver  taken  together. 
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Toilluftrate  this  further  by  an  example,  let  us  fup- 
pofe  the  capacity  of  the  receiver  to  be  twice  as  great 
as  the  capacity  of  the  barrel  *,  then  will  the  capack 
ty  of  the  barrel,  be  to  the  capacity  of  the  barrel  and 
receiver  together,  as  1  to  3  *,  and  the  quantity  of  air 
exhaufted  at  each  turn  of  the  pump,  is  to  the  quan¬ 
tity  of  air  which  was  in  the  receiver  immediately 
before  that  turn,  in  the  fame  proportion.  So  that  by 
the  firft  ftroke  of  the  pump,  a  third  part  of  the  air 
in  the  receiver  is  taken  away,  by  the  fecond  ftroke 
a  third  part  of  the  remaining  air  is  taken  away,  by 
the  third  ftroke  a  third  part  of  the  next  remainder 
is  exhaufted,  by  the  fourth  a  third  part  of  the  next, 
and  fo  on  continually  ;  the  quantity  of  air  evacuated 
at  each  ftroke,  diminiftiing  in  the  fame  proportion 
with  the  quantity  of  air  remaining  in  the  receiver 
immediately  before  that  ftroke :  for  it  is  very  evi¬ 
dent  that  the  third  part,  or  any  other  determinate 
part  of  any  quantity  muft  needs  be  diminifhed  in 
the  fame  proportion  with  the  whole  quantity  itfelf. 
And  this  may  fuffice  for  the  proof  of  what  I  afierted 
in  the  firft  place,  that  the  quantities  exhaufted  at  e- 
very  ftroke  are  not  equal  but  are  perpetually  dimi¬ 
nifhed. 

I  fhall  now  proceed  to  fhew,  that  the  air  remain¬ 
ing  in  the  receiver  after  every  ftroke  is  diminifhed  in 
a  geometrical  progreftion.  It  has  been  proved  that 
the  air  remaining  in  the  receiver  after  each  ftroke  of 
the  pump,  is  to  the  air  which  was  in  the  receiver  im¬ 
mediately  before  that  ftroke,  as  the  capacity  of  the 
receiver  is  to  the  Capacity  of  the  barrel  and  receiver 
taken  together  *,  or  in  other  words,  that  the  quantity 
of  air  in  the  receiver,  by  each  ftroke  of  the  pump, 
is  diminifhed  in  the  proportion  of  the  capacity  of  the 
receiver  to  the  capacity  of  the  barrel  and  receiver 
taken  together.  Each  remainder  is  therefore  ever¬ 
more  kfs  than  the  preceding  remainder  in  the  fame 
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given  ratio ;  that  is  to  fay,  thefe  remainders  are  in  a 
geometrical  progreffion  continually  decreafing. 

Let  us  return  again  to  our  former  example,  which 
may  afford  a  fomewhat  different  light  into  this  mat¬ 
ter.  The  quantity  exhaufted  at  the  firft  turn,  you 
remember,  was  a  third  part  of  the  air  in  the  receiver, 
and  therefore  the  remainder  will  be  two  thirds  of  the 
fame ;  and  for  the  like  reafon  the  remainder  after  the 
fecond  turn  will  be  two  thirds  of  the  foregoing  re¬ 
mainder,  and  fo  on  continually ;  the  decreafe  being 
always  made  in  the  fame  proportion  of  2  to  3 a,  con- 
fequently  the  decreafing  quantities  themfelves  are  in 
a  geometrical  progreffion. 

It  was  before  proved  that  the  quantites  exhaufted 
at  every  turn  did  decreafe  in  the  fame  proportion 
with  thefe  remainders ;  therefore  the  quantities  ex¬ 
haufted  at  every  turn  are  alfo  in  a  geometrical  pro-  . 
greftion.  Let  it  then  be  remembered,  that  the  eva¬ 
cuations  and  the  remainders  do  both  decreafe  in  the 
fame  geometrical  progreflion. 

If  the  remainders  decreafe  in  a  geometrical  pro- 
greftion,  it  is  certain  you  may,  by  continuing  thea- 
gitations  of  the  pump,  render  them  as  fmall  as  you 
pleafe,  that  is  to  fay,  you  may  approach  as  near  as 
you  pleafe  to  a  perfeft  vacuum .  But  notwirhftanding 
this,  you  can  never  entirely  take  away  the  remainder. 
If  it  be  faid  that  you  may,  I  prove  the  contrary  thus. 
Before  the  laft  turn  of  the  pump,  which  is  faid  whol¬ 
ly  to  take  away  the  remainder,  it  muft  be  confeffed 
there  was  a  remainder;  this  remainder,  by  that  laft 
turn  of  the  pump,  will  only  be  diminifhed  in  a  cer¬ 
tain  proportion,  as  has  been  before  proved ;  there¬ 
fore  it  was  falily  faid  to  be  totally  taken  away. 

•  It  may  not  be  improper  in  this  place  to  fay  fome- 
thing  concerning  the  gradual  afcent  of  the  quickfil- 
ver  in  the  gage,  upon  which  we  have  made  fome  ex¬ 
periments.  You  have  obferved  that  as  we  continue 
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to  pump,  the  quickfilver  continues  to  afcend,  ap- 
proaching  always  more  and  more  to  the  ftandard  al¬ 
titude  in  the  weather-glafs,  which  you  know  is  about 
2$i  inches,  being  a  little  under  or  over  according  to 
the  variety  of  feafons.  What  I  fhall  now  endeavour 
to  make  out  to  you  is  this  ;  that  the  defedt  of  the 
height  of  the  quickfilver  in  the  gage  from  the  ftand¬ 
ard  altitude,  is  always  proportionable  to  the  quanti¬ 
ty  of  air,  which  remains  in  the  receiver;  that  the  alti¬ 
tude  itfelf  of  the  quickfilver  in  the  gage,  is  propor¬ 
tionable  to  the  quantity  of  air  which  has  been  ex- 
haufted  from  the  receiver;  that  the  afcent  of  the 
quickfilver  upon  every  turn  of  the  pump,  is  propor¬ 
tionable  to  the  quantity  evacuated  by  each  turn. 

In  order  to  underftand  thefe  affertions  you  are  to 
confider,  that  the  whole  prefture  of  the  atmofphere 
upon  the  ciftern  of  the  gage,  is  equivalent  to,  and 
may  be  ballanced  by,  a  column  of  quickfilver  of  the 
ftandard  altitude.  Therefore  when  the  quickfilver  in 
the  gage  has  not  yet  arrived  to  the  ftandard  altitude, 
it  is  certain  the  defedt  of  quickfilver  is  fupplied  by 
fome  other  equal  force,  and  that  force  is  the  elaftick 
power  of  the  air  yet  remaining  in  the  receiver;  which 
communicating,  as  you  remember,  with  the  upper 
part  of  the  gage,  hinders  the  quickfilver  from  amend¬ 
ing,  as  it  would  otherwife  do,  to  the  ftandard  alti¬ 
tude.  The  elafticity  of  the  air  in  the  receiver  is  then 
equivalent  to  the  weight  of  the  deficient  quickfilver; 
but  the  weight  of  that  deficient  quickfilver  is  pro¬ 
portionable  to  the  fpace  it  fhould  poftefs,  or  to  the 
defedt  of  the  height  of  the  quickfilver  in  the  gage 
from  the  ftandard  height ;  therefore  the  elafticity  of 
the  remaining  air  is  alfo  proportionable  to  the  fame 
defedt.  And  fince  it  was  formerly  proved,  that  the 
denfity  of  any  portion  of  air  is  always  proporti¬ 
onable  to  its  elafticity,  and  the  quantity  in  this  cafe 
is  proportionable  to  the  denfity,  it  follows  that  the 
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quantity  of  air  remaining  in  the  receiver,  is  propor¬ 
tionable  to  the  defeat  of  the  quickfilver  in  the  gage 
from  its  ftandard  altitude,  which  was  the  firil  thing 
to  be  proved. 

Hence  it  follows  that  the  quantity  of  air  which  was 
at  firft  in  the  receiver  before  you  began  to  pump,  is 
proportionable  to  the  whole  ftandard  altitude*,  and 
confequently  the  difference  of  this  air,  which  was  at 
firft  in  the  receiver  and  that  which  remains  after  any 
certain  number  of  turns,  that  is,  the  quantity  of  air 
exhaufted,  is  proportionable  to  the  difference  of  the 
ftandard  altitude  and  the  beforementioned  defed, 
that  is,  to  the  altitude  of  the  quickfilver  in  the  gage 
after  that  number  of  turns  \  which  was  the  fecond 
thing  to  be  proved. 

And  from  hence  it  follows  that  the  quantity  of  air 
exhaufted  at  every  turn  of  the  pump,  is  proportion- 
able  to  the  afcent  of  the  quickfilver  upon  each  turn, 
which  was  the  laft  thing  to  be  made  out.  And  thefe 
conclufions  do  very  well  agree  with  the  experiments, 
which  fhewed  us  the  quantity  of  air  that  was  exhauft¬ 
ed,  by  the  quantity  of  water  which  afterwards  fup- 
plied  the  vacant  place  of  that  air  in  our  receiver  ( a ). 

Let  it  then  be  remembered,  that  the  quantity  ex¬ 
haufted  at  each  turn,  is  proportionable  to  the  afcent 
of  the  quickfilver  upon  that  turn  *,  that  the  whole 
quantity  exhaufted  from  the  time  you  began  to  pump, 
is  proportionable  to  the  whole  altitude  of  the  quick- 
ftlver  ;  that  the  quantity  remaining  in  the  receiver  is 
proportionable  to  the  defed  of  that  altitude  from  the 
ftandard. 

To  come  now  to  the  application  of  the  other  ex¬ 
periments  which  we  made  this  day.  We  found,  by 
meafuring,  that  the  feveral  afcents  of  the  quickfilver 

i 

(a)  This  receiver,  like  the  bottle  defcribed  in  Exp.  i.  pag.  8, 
ad  a  ftop-cock  cemented  to  it,  to  hinder  the  return  of  tire  exhaulb 

air,  and  to  admit  water  in  its  head. 
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in  the  gage,  upon  every  turn  of  the  pump,  weredi- 
miniftied  in  a  geometrical  progreftion,  and  it  has  juft 
now  been  proved  that  the  quantities  of  air  exhausted 
at  each  turn  are  proportionable  to  thofe  afcents* 
Therefore  we  may  fafely  conclude  from  experiment 
alfo,  what  we  before  colle<fted  by  a  train  of  reafon- 
ing,  that  the  quantities  of  air  exhaufted  at  every  turn 
of  the  pump,  arediminifhed  continually  in  a  geome¬ 
trical  progreftion. 

Furthermore,  fince  thofe  afcents  are  the  differ¬ 
ences  of  the  defedts  from  the  ftandard  altitude,  upon 
every  fuccefiive  turn  of  the  pump,  it  follows  that  the 
defeats  alfo  are  in  the  fame  decreafing  geometrical 
progreftion.  For  it  is  a  general  theorem,  that  all 
quantities  whofe  differences  are  in  a  geometrical  pro¬ 
greftion,  fo  long  as  the  quantities  continue  to  have  a- 
ny  magnitude,  are  them fe Ives  alfo  in  the  fame  geo¬ 
metrical  progreftion.  The  defects  being  then  in  a 
decreafing  geometrical  progreftion,  and  the  quanti¬ 
ties  of  air  remaining  in  the  receiver  being  proporti¬ 
onable,  as  was  lately  proved,  to  the  defeats,  it  follows 
from  the  fame  experiments,  that  the  quantities  of  air 
which  remain  in  the  receiver  after  every  turn  of  the 
pump,  do  decreafe  in  a  geometrical  progreftion ; 
which  was  the  other  thing  concluded  alfo  by  a  train 
of  reafoning. 

Before  I  difmifs  the  confideration  of  the  air-pump, 
it  remains  that  I  add  fomething  concerning  the  ufe 
of  the  two  tables,  which  I  have  put  into  your  hands. 
They  are  defigned  to  fhew  the  number  of  turns  of 
the  pump,  which  are  requiflte  to  rarefte,  in  any  given 
proportion,  the  air  contained  under  any  receiver.  The 
lirft  table  in  particular  is  fitted  for  receivers  whofe 
capacity  is  the  fame  with  the  capacity  of  the  barrel, 
and  the  numbers  of  the  firft  column  of  it  exprefs  the 
degrees  of  rarefaction,  as  thofe  over  againft  them  in 
the  fecond  column  exprefs  the  number  ®f  turns,  with 
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their  decimal  parts,  which  are  requifite  to  produce 
thofe  degrees  of  rarefaftion.  Thus  for  example,  if  it 
were  required  to  rarefie  the  air,  under  fuch  a  receiv¬ 
er,  an  hundred  times  above  its  natural  rarity,  I  feek 
for  the  number  100  in  the  firft  column,  and  over  a- 
gainfl  it  in  the  fecond  I  find  the  number  6.644,  by 
which  I  underftand  that  the  air  will  be  rarefied  an 
hundred  times  by  6  turns  of  the  pump  and  644thou- 
fand  parts  of  a  turn.  So  if  it  were  defired  to  rarefie  the 
air  under  the  fame  or  an  equal  receiver  10  thoufand 
times  more  than  in  its  natural  flate,  I  perceive  there 
will  be  13  turns  and  288  thoufand  parts  of  a  turn 
requifite  for  that  purpofe. 


TABLE  I. 

Rarity 

[Number 

| of turns 

Rarity 

Number 

of  turns 

Rarity 

Number 
of  turns 

1 

0 

60 

5.907 

900 

9.814 

2 

1 

64 

6 

1000 

9.966 

3 

1  -585 

70 

6.129 

1024 

10. 

4 

2 

80 

6.322 

2000 

10.966 

5 

2.322 

90 

6.492 

2048 

11. 

6 

2.585 

100 

6.644 

3000 

“•55 1 

7 

2.807 

.128 

7 

4000 

1 1.966 

8 

3 

200 

7.644 

4096 

12. 

9 

3.170 

256 

8 

5000 

12.288 

10 

3-322 

3°o 

8.229 

6000 

12.551 

16 

4 

400 

8.644. 

7000 

l2-773 

20 

4.322 

500 

8.966 

8000 

I2.966' 

30 

4.907 

5 1 2 

9 

8192 

J3« 

32 

5 

600 

9.229 

9000 

13.136 

40 

5-322 

700 

9-45 1 

1 0000 

13.288 

50 

5.644 1 

800' 

9.644 

16384 

14. 

The  receivers  which  we  fhall  have  occafion  to 
make  ufe  of  in  our  experiments,  are  generally  much 
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bigger  than  the  capacity  of  each  barrel  of  the  pump, 
and  by  being  bigger,  will  require  a  greater  number 
of  turns  than  thofe  fee  down  in  the  fecond  column* 
to  rarefie  the  air  in  the  degrees  which  are  expreffed 
in  the  firft  column.  It  may  perhaps  atvthe  firft  view, 
feem  not  unreafonable  to  think  that  the  number  of 
turns  requifite  to  rarefie  the  air  in  any  certain  de¬ 
gree,  fhould  exceed  the  numbers  of  the  fecond  co¬ 
lumn,  in  the  fame  proportion  by  which  the  capacity 
of  the  receiver  exceeds  the  capacity  of  the  barrel.  But 
if  the  matter  be  examined  more  clofely,  it  will  be 
found,  that  the  number  of  turns  do  not  increafe  in 
fo  great  a  proportion  as  the  capacity  of  the  receiver 
does. 

What  that  proportion  is,  by  which  the  number  of 
turns  is  truly  increafed,  as  the  capacity  of  the  re¬ 
ceiver  becomes  bigger,  may  be  feen  by  the  fecond 
table,  whofe  firft  column  exprefles  the  proportion  of 
the  receiver  to  the  barrel,  as  the  fecond  does  the  pro¬ 
portion  of  the  true  number  of  turns  to  thofe  fet  down 
in  the  firft  table.  The  ufe  of  it  will  be  more  clearly 
underftood  by  an  example  or  two. 

Let  us  fuppofe  the  capacity  of  the  receiver  to  be 
10  times  greater  than  the  capacity  of  the  barrel,  and 
that  we  would  find  how  many  turns  are  requifite  to 
rarefie  the  air  under  fuch  a  receiver  100  times  more 
than  it  is  naturally  rarefied. 

By  the  firft  table  we  find,  as  was  faid  above,  that 
if  the  receiver  were  equal  to  the  barrel,  the  number 
of  turns  would  be  6.644.  but  the  receiver  is  10  times 
greater.  Find  therefore  the  number  10  in  the  firft 
column  of  the  fecond  table,  and  over  againft  it  you 
will  fee  the  number  7.273  in  the  fecond  column  of 
the  fame  table  ^  by  which  you  perceive  that  aiqlie 
receiver  is  increafed  in  a  decuple  proportion,  the 
number  of  turns  are  increafed  not  fo  much,  but  only 
fomewhat  more  than  in  a  feptule  proportion.  There¬ 
in  2  fore 
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fore  the  true  number  of  turns  will  be  found  by  mul¬ 
tiplying  the  number  6.644  by  the  number  7*273» 
and  will  confequently  be  48.322. 


TABLE  II. 

Capacity 

Capacity 

of  the 

Multiplier 

of  the 

Multiplier 

receiver 

receiver 

1 

1. 

60 

41-934 

2 

1.710 

7° 

48.866 

3 

2.409 

80 

55-798 

4 

3.106 

9° 

62.729 

5 

3.802 

100 

69.661 

6 

4-497 

200 

138.976 

7 

5.191 

300 

208.291 

8 

5-8^5 

400 

277.605 

9 

6-579 

500 

346.920 

10 

7.273 

600 

416.235 

20 

14.207 

700 

485-549 

3° 

21.139 

800 

554-864 

40 

28.07  1 

900 

624.I  79 

50 

35- 003 

1000 

693-494  1 

So  if  it  were  defired  to  find  the  number  of  turns 
of  the  pump,  which  mud  be  made  to  rarefie  the  air 
10  thouland  times  above  its  natural  flate,  in  a  receiv¬ 
er  which  is  50  times  bigger  than  the  capacity  of  the 
barrel  ;  over  againft  10000  in  the  firft  table  I  find 
13.288  and  over  againlt  50  in  the  fecond  table  I  find 
35.003,  which  multiplied  together  make  465.12; 
this  therefore  is  the  number  of  turns  requifitefor  the 
purpofe.  You  need  not  be  folicitous  about  the  fra¬ 
ctions  which  are  above  any  certain  whole  number  of 
turns ;  they  do  not  mean,  that  the  handle  of  the  pump 
is  to  be  moved  juftly  fuch  a  part  of  a  turn  as  they 

feem 
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feem  to  denote,  for  ftri&ly  fpeaking  it  need  not  be 
moved  altogether  fo  much,  but  the  difference  is  in- 
confiderable,  and  it  would  be  a  lofs  of  time  to  infift 
more  particularly  about  it.  It  was  neceffary  to  fet 
down  the  fra&ions  in  the  tables  that  no  whole  num¬ 
ber  of  turns  might  be  loft  in  the  product,  when  you 
come  to  multiply  them  together ;  but  when  you  have 
found  the  produd,  the  fra&ions  belonging  to  it  need 
not  be  confidered. 

In  making  thefe  tables,  that  they  might  not  be 
too  large,  you  fee  I  have  omitted  feveral  intermedi¬ 
ate  numbers.  However  they  are  fufficient  for  the  pur- 
pofe  for  which  I  defigned  them  ;  which  was  to  give 
you  clearer  notions  of  the  operation  of  our  engine.  I 
fhould  here  explain  to  you  the  grounds  upon  which 
they  were  computed,  but  I  fear  the  difficulty  of  the 
fubjecft  would  not  permit  me  to  be  generally  under- 
flood.  I  lhall  therefore  omit  the  doing  of  it,  (b)  and 


(h)  In  a  receiver  whofe  capacity  is  to  that  of  the  barrel  of  the 
pump,  as  c  to  i ,  the  air  will  be  rarefied  r  times  by  a  number  of 

log.  r. 

turns  equal  to  ; — ; - 

^  log.  r-M  —  log.  c. 

For  by  any  one  of  the  turns,  the  air  will  be  rarefied  or  dilated 

in  the  ratio  of  the  fpace  c  to  the  fpace  c  —H  i,  or  of  i  to  — •  j 

c 

and  therefore  will  have  as  many  fuch  equal  and  fucceffive  rare* 
factions,  as  there  are  equal  and  fucceffive  ratio’s  in  this  feries 
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whole  index  n  is  the  whole  number  of  turns.  Confequently  the 
total  ratio  of  all  the  rarefadlions,  for  which  we  put  i  to  r3  is  the 


fame  as  the  ratio  of  i  to  L 


feries  to  thelaft,  Therefore  r. 


c  -4- 1 


that  is,  of  the  foil  term  of  the 
and  by  the  noted  proper¬ 


ties  of  logarithms,  the  log.  r—nx  log. — —  =  »xlog.r-i- 1—  log.c. 


whence 


log- 
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only  obferve  to  you  of  the  firft  table,  that  if  you  take 
any  numbers  in  the  fir  ft  column  which  are  in  a  geo¬ 
metrical  progreftion,  the  correfpondent  numbers  of 
the  fecond  column  will  be  in  arithmetical  progref- 
fion.  It  may  alfo  be  obferved  of  the  fecond  table  that 
the  difproportion  of  the  correfpondent  numbers  does 
continually  increafe  from  the  beginning  to  the  end, 
how  far  foever  it  be  continued,  but  yet  does  never 
exceed  the  difproportion  of  13  top. 

It  is  time  now  that  we  proceed  to  the  condenfer. 
This  inftrument  will  not  require  much  to  be  faid  con¬ 
cerning  it.  When  I  aflertthat  equal  quantities  of  air, 
namely,  as  much  as  the  barrel  can  naturally  contain, 
are  intruded  into  the  receiver  at  each  ftroke  of  the 
forcer,  the  thing  is  fo  very  obvious  that  I  believe  I 
need  not  go  about  to  prove  it.  For  you  cannot  but 
eafily  underftand,  that  as  the  embolus  or  forcer  is 
drawn  upwards  from  the  bottom  of  the  barrel,  there 
is  a  vacuity  left  behind  it,  till  fuch  time  as  it  comes 
to  get  above  the  little  hole,  which  is  made  in  the  fide 
of  the  barrel  towards  the  top  of  it.  For  then  the  ex¬ 
ternal  air  is  permitted  to  pafs  freely  through  that 
hole  into  the  aforefaid  void  fpace,  and  confequently 
the  barrel  will  then  have  as  much  air  in  it,  as  it  can 


Carol.  1  Hence  in  Table  I,  where  c =1,  the  air  will  be  rare*- 

^  lop*,  r 

£ed  r  times  by  a  number  of  turns  equal  to  —  . 

log,  2 

Carol.  2.  Call  that  number  and  in  Tab.  II,  where  c  has  any 
propofed  value,  put  m  for  the  correfponding  multiplier^  then  fmce 

the  author  makes  m  we  have  m  =  - — - — — . 

•  t  log.  c-+- 1  —  log.  f 

In  the  author’s  example  r  -=  100  &  10,  whence  by  Co - 
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naturally  contain.  And  as  the  forcer  is  moved  down¬ 
wards,  this  air  is  compreffed,  and  by  com  predion  is 
more  and  more  condenfed,  till  at  length  the  force  of 
its  elafticity  becomes  greater  than  the  elafticfc  force 
of  that  which  is  contained  within  the  receiver,  and 
thereby  it  will  open  the  valve  ^nd  make  way  for  it- 
felf  to  enter  totally  into  the  receiver,  as  it  is  conti¬ 
nually  pufhed  forwards  by  the  defcending  embolus. 
Since  then  the  quantities  intruded  at  each  ftroke  of 
the  forcer  are  equal,  it  manifeftly  appears  that  the 
quantities  in  the  receiver,  and  confequently  the  de¬ 
grees  of  condenfation,  do  increafe  in  an  arithmetical 
progreffion. 

Let  us  now  examine  by  what  Heps  the  quickfilver 
in  the  gage  advances  at  each  ftroke.  What  I  fhall 
endeavour  to  prove  as  to  this  matter  is  this,  that  as 
the  quickfilver  is  moved  forwards  in  the  gage  upon 
every  fucceftive  ftroke  of  the  forcer,  the  fpaces  at  the 
end  of  the  gage,  which  are  yet  left  free  from  the 
quickfilver,  do  decreafe  in  a  muftcal  progreffion. 

But  in  the  firft  place  it  may  not  be  amifs  to  explain 
in  fome  meafure  the  nature  of  mufical  progreftions, 
fmce  thefe  are  not  generally  fo  well  underftood  as 
thofe  which  we  call  arithmetical  and  geometrical 
progreftions.  In  order  to  do  this,  I  fhall  propofe  an 
inftance  which  firft  gave  occafion  for  the  name. 

It  is  a  thing  well  known  among  muficians,  if  three 
chords  or  firings,  in  all  other  refpects  alike,  be  of 
different  lengths,  and  thofe  lengths  be  to  each  other 
in  proportion  as  the  numbers  of  6,  4  and  3,  that  the 
founds  of  thofe  firings  will  exprefs  the  principal  and 
moil  perfedl  of  the  mufical  concords,  namely,  an 
eight,  a  fifth  and  a  fourth.  Thus  the  found  of  the 
laft  will  bean  odlave  to  the  found  of  the  firft,  and 
the  found  of  the  fecond  a  fifth  to  the  found  of  the 
firft,  and  the  found  of  the  laft  a  fourth  to  the  found 
of  the  fecond.  Hence  thefe  numbers  6, 4  and  3,  which 
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exprefs  the  proportions  of  thofe  mufical  firings,  were 
faid  not  improperly  to  be  in  a  mufical  progrefilon. 
Now  it  was  eafy  to  beobferved,  that  thefe  numbers 
were  reciprocally  proportional  to  three  other  num¬ 
bers  refpedively,  viz.  2,  3  and  4,  which  were  in  a- 
rithmedcal  progreffion;  and  thence  it  came  to  pafs, 
that  any  other  ferjes  of  numbers  was  faid  to  be  in  a 
mufical  progrefiibn,  which  had  the  fame  property  of 
being  reciprocally  proportional  to  a  feries  of  num¬ 
bers  in  arithmetical  progrefilon. 

That  therefore  is  a  feries  of  mufical  proportionals 
which  is  reciprocal  to  another  feries  of  arithmetical 
proportionals. 

But  befides  this,  you  may  obferve  another  proper¬ 
ty  belonging  to  the  above  mentioned  numbers  6,  4 
and  3,  viz.  that  the  firft  is  to  the  third,  as  the  differ¬ 
ence  of  the  firft  and  fecond,  is  to  the  difference  of  the 
fecond  and  third.  And  this  property  does  equally  be¬ 
long  to  all  other  numbers,  which  are  reciprocally  as 
a  feries  in  arithmetical  progrefilon,  that  is,  to  all  o- 
ther  numbers  which  are  in  a  mufical  progrefilon. 

Hence  if  any  two  fucceeding  terms  be  given,  the 
third  may  be  found  by  dividing  the  product  of  the 
firft  and  fecond,  by  the  difference  which  arifes  in  fub- 
ftradting  the  fecond  from  the  double  of  the  firft. 
Thus  in  the  progrefilon  6, 4  and  3 ,  the  produdt  of  the 
firft  and  fecond  terms  6  and  4  is  24,  and  the  differ¬ 
ence  which  arifes  by  fubftracting  the  fecond  term  4 
from  12,  the  double  of  the  firft,  is  8,  and  the  quo¬ 
tient  which  emerges  by  dividing  the  product  24  by 
the  difference  8  is  3,  the  third  term  in  the  progref- 
J|on  required. 

I  fhall  now  go  on  to  fhew  that  the  fpaces  unpof- 
felled  by  the  quick filver  at  the  end  of  the  gage,  de¬ 
er  cafe  in  a  mufical  progrefilon. 

It  muft  be  obferved  therefore,  that  the  quickfil- 
yer  of  the  gage  is  contiguous  on  one  fide  to  the  air 

within 
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within  the  receiver,  and  on  the  other  fide  to  the  air 
which  is  fhut  up  at  the  end  of  the  gage,  and  that  the 
denfity  of  the  air  in  both  places  is  equal.  For  were 
the  denfity  of  the  air  in  the  receiver  greater  than  the 
denfity  of  the  air  at  the  end  of  the  gage,  itselaftiek 
force  would  alfo  be  greater,  and  by  that  excefs  of 
force  the  quickfilver  would  be  moved  on  further  to¬ 
wards  the  end  of  the  gage,  till  the  forces,  and  con- 
fequently  the  denfities,  became  equal.  After  the  fame 
manner  if  the  denfity  of  the  air  at  the  end  of  the 
gage,  were  greater  than  the  denfity  of  the  air  with¬ 
in  the  receiver,  the  quickfilver  would  be  moved 
backwards  from  the  end  of  the  gage,  till  the  denfi¬ 
ties  became  equal.  It  is  manifeft  therefore  that  the 
denfities  are  equal  in  both  parts  when  the  quickfil¬ 
ver  in  the  gage  is  at  reft.  Therefore  fince  the  den¬ 
fity  of  the  air  in  the  receiver,  upon  every  fucceffive 
ftrokeof  the  forcer,  was  increafed  in  arithmetical  pro- 
greflion,  it  follows  that  the  denfity  of  the  air  at  the 
end  of  the  gage,  is  likewife  increafed  in  the  fame  a- 
rithmetical  progrefiion.  But  the  fpace  which  that  air 
poflefies,  is  diminiihed  in  the  fame  proportion  by 
which  the  denfity  is  increafed,  or  in  other  words,  the 
fpaces  are  reciprocally  as  the  denfities,  therefore  the 
fpaces  are  reciprocally  as  a  feries  of  terms  in  arith¬ 
metical  progrefiion  *,  which  is  the  fame  thing  as  to 
fay,  the  fpaces  are  in  a  mufical  progrefiion.  And  this 
conclufion  we  found  alfo  to  agree  with  our  experi¬ 
ments. 

LECTURE  XIV. 

A  parcel  of  air  weighed  in  a  ballance  *,  its  fpecifick 
gravity  to  that  of  water  determined  thereby. 

The  gravitation  of  the  air  has  in  the  foregoing 
week  been  fufficiently  proved  by  feveral  dif¬ 
ferent  methods.  We  have  feen  a  great  variety  of  ap¬ 
pearances 
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pearances  which  are  very  clearly  and  naturally  ac¬ 
counted  for  upon  that  principle,  and  cannot  be  ex¬ 
plained  upon  any  other.  We  might  therefore  very 
juftly  conclude  it  to  be  altogether  true  and  exadly  a- 
greeable  to  nature,  upon  tne  force  of  that  evidence 
alone.  But  the  immediate  evidence  of  fenfe  has  al¬ 
ways  fomething  in  it,  which  does  more  powerfully 
affed  and  convince  us,  than  the  united  flrength  of 
the  greateft  number  of  inferences  drawn  out  by  afe- 
ries  of  reafoning.  And  upon  this  account  we  may 
fay,  that  the  experiment  we  have  now  been  making, 
has  afforded  us  a  clearer  and  more  cogent  proof  of 
the  weight  of  the  air,  than  any  of  thofe  confiderati- 
ons  we  have  hitherto  been  engaged  in,  or  even  than 
all  of  them  taken  together.  For  what  can  be  further 
expeded  or  defired  to  evince  an  heavy  body  to  be 
really  fuch,  than  to  feel  (if  I  may  fay  fo)  the  weight 
©f  it  in  the  ballance.  This  experiment  itfelf  or  fome 
other  to  the  fame  effed,  might  at  any  time  fo  eafily 
have  been  tried,  that  I  believe  you  will  be  much 
more  inclined  to  wonder,  how  it  could  have  been  pof- 
iible  for  any  fed  of  philofophers  to  have  doubted  of 
the  gravitation  of  the  air,  than  to  doubt  of  it  in  the 
lead  yourfelves. 

It  muft  be  confeffed  that  Ariftotle  himfelf  does 
fomewhere  in  his  writings  affert  this  gravitation,  and 
to  prove  his  affertion  he  appeals  to  the  experiment 
of  a  bladder  full  blown  •,  which,  fays  he,  weighing 
more  than  the  fame  bladder  when  it  was  flaccid,  is 
a  manifefl  token  of  the  weight  of  the  air  contained 
in  it.  But  it  is  certain,  however  unreafonable  it  may 
feem,  that  his  followers  departed  from  their  mailer, 
and  maintained  the  contrary  for  feveral  ages  toge¬ 
ther.  GalilcEO  feems  to  have  been  the  firfl  among  the 
modern  philofophers,  who  durfl:  venture  to  oppofe 
them  in  this  matter.  I  formerly  gave  you  an  account 
of  the  obfervation  he  had  made  concerning  pumps: 
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this  was  a  fufficient  hint  to  a  perfon  of  his  fagacity, 
to  call  into  queftion  the  commonly  received  doctrine 
of  the  fchools.  But  the  inquifitive  genius  of  this  great 
mim  was  not  long  to  be  held  in  fufpenfe.  He  foon 
refolved  upon  proper  experiments  which  might  af¬ 
ford  him  a  full  and  perfect  fatisfadtion  in  this  butt- 
nefs.  What  thofe  experiments  were,  I  am  now  to 
tell  you. 

He  took  a  glafs  veffel  of  a  large  capacity,  having 
a  very  narrow  neck,  to  which  he  applied  a  cover  of 
leather  and  fattened  it  as  clofe  as  was  pottible  to  the 
neck.  Through  the  middle  of  this  cover  he  put  a 
(lender  tube,  doling  the  leather  to  it  as  exactly  as  he 
could.  Then  with  a  fyringe  he  forced  into  the  glafs 
vefiel,  through  the  tube,  as  great  a  quantity  of  air 
as  he  conveniently  might,  fo  as  not  to  endanger  the 
breaking  of  the  glafs.  This  being  done  he  weighed 
the  veffel,  with  all  this  compreffed  air  in  it,  as  care¬ 
fully  as  he  could,  by  the  help  of  a  molt  exattt  bal¬ 
lance  ;  making  ufe  of  very  fine  fand  for  a  counter- 
poife.  Afterwards,  by  uncovering  the  tube,  he  per¬ 
mitted  the  air,  which  had  been  with  violence  forced 
into  the  veffel,  to  make  its  efcape  out  again  •,  and 
then  he  applied  the  veffel  to  the  ballance  a  fecond 
time,  and  finding  it  to  be  lighter  than  before,  he  took 
away  part  of  the  fand,  till  at  length  he  had  reduced 
the  beam  to  an  equilibrium  again.  By  this  means  he 
was  entirely  convinced  of  the  ponderofity  of  the  air 
in  general,  and  was  fatisfied  that  the  weight  of  fo 
much  of  it  as  had  efcaped  upon  opening  the  veffel, 
was  equal  to  the  weight  of  that  fand  which  he  had 
taken  away  and  referved  apart  by  itsfelf.  This  in¬ 
deed  was  very  evident,  but  yet  it  was  not  poffible 
from  this  experiment,  to  form  any  conclufion  con¬ 
cerning  the  precife  and  determinate  weight  of  any 
particular  quantity  of  air,  in  comparifon  with  the 
Weight  of  other  bodies:  for  it  could  not  certainly  be 
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known,  what  the  quantity  of  that  air  was  which  had 
made  its  efcape,and  which  was  equal  in  weight  to  the 
fand  he  had  refer /ed.  In  order  therefore  to  purfue 
this  matter  fomewhat  further,  he  contrived  two  o- 
ther  different  methods  of  making  the  experiment,, 
The  firft  was  after  this  manner. 

He  took  another  veffei  in  ail  refpedts  alike  to  the 
former,  which  had  alfo  a  cover  of  leather  fixed  to 
it.  Through  this  cover  he  caufed  topafs  into  this  fe¬ 
cond  veffei,  the  end  of  the  tube  which  ftood  out  of 
the  former  veffei  and  was  clofed  up,  and  at  the  fame 
time  he  took  care  to  bind  the  cover  of  the  fecond 
veffei  as  exadHy  as  was  poffible  to  the  tube.  This  be¬ 
ing  done,  the  necks  of  the  veflels  refpe&ed  each  ©» 
ther,  and  had  a  communication  by  means  of  the  tube, 
fo  foon  as  the  clofed  end  of  it,  which  lay  in  the  fe¬ 
cond  veffei,  was  opened.  Now  the  end  of  the  tube 
was  opened  by  a  long  and  fiend er  iron-pin,  paffing 
through  a  fmall  hole  made  ac  the  bottom  or  oppofite 
end  of  the  fecond  veffei.  But  I  ought  to  tell  you,  that 
before  thefe  veffeis  were  thus  joined  together,  the 
fecond  was  filled  with  water,  and  the  weight  of  the 
firft,  with  all  its  included  and  compreffed  air,  was 
found  by  a  counterpoife  of  fand  as  before.  Things 
then  being  thus  difpofed  and  prepared,  and  the  end 
of  the  tube  being  opened  by  means  of  the  iron-pin, 
it  is  eafy  to  underftand  that  the  compreffed  air  will 
rufh  forth  with  violence  into  the  fecond  vefiel,  till 
that  which  remains  behind  in  the  firft  veffei  be  re¬ 
duced  to  its  natural  denfity.  Now  as  the  air  forces  its 
way  into  the  veffei  filled  with  water,  it  muft  necef- 
farily  happen,  that  part  of  this  water  will  be  expel¬ 
led,  through  the  hole  at  the  bottom  of  the  veffei,  to 
make  way  for  the  air  *,  and  the  bulk  of  the  water 
which  is  expelled,  will  be  equal  to  the  bulk  of  the  air 
*  which  came  forth  from  the  firft  veffei  into  the  fecond. 
The  weightof  that  air,  which  came  out  from  the  firft 
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veflel,  is  to  be  found  by  weighing  the  firft  veflel  again 
after  that  air  is  gone  out  of  it  s  and  this  weight  of  air, 
compared  with  the  weight  of  that  equal  bulk  of  wa¬ 
ter  which  was  expelled  and  referved,  will  give  the 
proportion  of  the  fpecifick  gravity  of  air  to  the  fpe¬ 
cifick  gravity  of  water.  By  this  method  Galileo  tells 
us,  he  found  that  air,  was  about  400  times  lighter 
than  water. 

The  other  method  which  he  propofes,  is  fome- 
what  more  expeditious,  it  requiring  only  one  vefiel, 
which  muft  be  fitted  up  as  the  former  of  thofe  two, 
which  have  been  juft  now  defcrlfoed.  But  here  inftead 
of  forcing  in  more  air  than  the  veflel  does  naturally 
contain,  he  chufes  rather  to  force  in  water,  whereby 
the  air  contained  in  the  veflel  is  comprefled  and  con- 
denfed,  care  being  taken  that  no  part  of  it  efcape 
out,  as  the  water  is  forced  in.  Suppofing  then  a  fuf- 
ficient  quantity  of  water  to  be  forced  into  the  veflel, 
which  may  conveniently  enough  be  as  much  a.,  will 
fill  ^  of  it,  the  whole  muft  be  weighed  with  great 
exatftnefs.  Then  the  neck  of  the  veflel  is  to  be  placed 
upwards,  and  the  tube  being  opened,  the  air  will  be 
at  liberty  to  expand  itfdf,  and  fuch  a  part  of  it  will 
go  out,  whofe  bulk  is  equal  to  the  bulk  of  water 
which  was  forced  in.  This  being  done,  the  veflel 
muft  be  weighed  again,  and  this  laft  weight  will  be 
fo  much  lefs  than  the  former,  as  the  weight  of  the 
air  which  went  out  amounts  to ;  and  confequently 
the  fpecifick  gravity  of  air  will  be  to  the  fpecifick 
gravity  of  water,  as  that  defe<5t  is  to  the  weight  of 
the  water  which  was  forced  into  the  vefiel. 

Such  were  the  contrivances  of  this  admirable  Ita¬ 
lian  philofopher  at  a  time  when  the  reft  of  the  world 
had  altogether  different  notions  of  thefe  matters,  and 
long  before  our  air-pumps  or  barometers  were  in¬ 
vented.  It  is  a  fatisfadion  to  underftand  by  what  me¬ 
thods  thefe  enquiries  firft  began.  But  befides  this, you 
have  alfo  another  advantage  from  the  account  I  have 
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been  giving  you ;  my  meaning  is,  that  you  will  from 
hence  be  enabled  to  frame  to  yourfelves  apprehen- 
fions  of  various  other  ways  of  doing  the  fame  thing, 
different  from  thofe  I  have  been  relating,  or  that 
which  we  have  been  pra&ifing.  It  would  be  endlefs 
to  defcribe  the  feveral  methods  which  have  been 
propofed  by  curious  and  inquifitive  men,  or  to  tell 
you  what  methods  I  could  myfelf  contrive  to  the  fame 
purpofe.  The  firft  experiment  of  this  nature  which 
was  generally  taken  notice  of,  and  became  in  its  time 
very  famous,  was  that  of  Merfennus.  Omitting  there¬ 
fore  all  others,  I  fhall  content  myfelf  with  the  ac¬ 
count  of  his  manner  of  trial. 

He  procured  to  himfelf  an  iEolopile,  being  an  hol¬ 
low  globe  of  brafs  with  a  very  (lender  neck.  This 
he  placed  in  the  fire  till  it  became  red-hot,  and  im¬ 
mediately  weighed  it  by  a  ballance  whilft  it  remain¬ 
ed  fo.  Afterwards  he  let  it  cool  and  then  weighed  it 
again  and  finding  its  weight  to  be  greater  than  be¬ 
fore,  he  concluded  that  the  excefs  was  the  weight  of 
that  air  which  had  been  expelled  by  the  heat,  and  had 
been  permitted  to  return  again  upon  the  cooling  of 
the  globe.  Thus  he  was  fatisfied  that  the  air  was  a 
ponderous  body,  but  in  what  meafure  it  was  fo,  he 
could  not  by  this  experiment  alone  determine.  He 
therefore  repeated  the  trial  again,  and  found  the 
weight  of  the  globe  when  it  was  red-hot.  to  be  the 
fame  as  before.  Then  he  placed  the  neck  of  it  under 
water  and  fuffered  it  to  cool  in  that  pofture.  Which 
being  done  he  found  his  globe  to  be  almoft  filled 
with  water,  and  knowing  the  bulk  of  that  water  to 
be  the  fame  with  the  bulk  of  the  air  which  was  ex¬ 
pelled  with  the  heat,  by  weighing  that  water  and 
comparing  its  weight  with  the  weight  of  the  air  found 
by  the  former  experiment,  he  concluded  the  fpeci- 
fick  gravity  of  air  to  be  about  1300  times  lefs  than 
the  fpecifick  gravity  of  water* 
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You  cannot  but  take  notice  of  a  very  great  diffe¬ 
rence  between  this  conclufion  and  that  of  Galileo , 
which  I  mentioned  above.  Galilceo  makes  the  air  to 
be  400  times  lighter  than  water,  and  Merfennns  makes 
it  to  be  1300  times  lighter.  If  we  take  a  mean  be¬ 
tween  thefe  conclufions  we  mull  fay  it  is  8 50  times 
lighter  *,  and  this  agrees  very  well  with  later  and 
moreexa&obfervations.  You  have  already  feen  what 
the  proportion  was  which  we  deduced  from  our  ex¬ 
periment.  But  I  ought  to  tell  you  that  if  our  bottle 
had  been  bigger,  we  might  the  more  fecurely  have 
depended  upon  it. 

We  have  formerly  in  fome  of  our  firfl  courfes, 
made  ufe  of  a  bottle  about  8  times  as  capacious  as 
that  with  which  we  made  our  prefen t  trial,  and  I  can 
affure  you  we  always  found  the  proportion  of  water 
to  air  to  be  between  the  proportions  of  800  and  900 
to  1,  but  it  generally  approached  fomewhat  nearer 
to  900.  That  larger  bottle  was  procured  for  us  by 
the  late  Mr.  Haukjhee ,  who  himfelf  made  the  expe¬ 
riment  before  the  Royal  Society  with  the  fame,  at 
a  time  when  I  happened  to  be  there  prefent.  I  can 
therefore  witnefs  for  the  diligence  and  care  with 
which  he  made  it.  The  proportion  which  was  found 
by  his  experiment  was  that  of  885  to  1.  The  me¬ 
thod  by  which  he  proceeded  was  the  very  fame  with 
ours,  and  therefore  I  may  fuppofe  you  to  underftand 
it  perfectly.  But  becaufe  the  recital  of  it  may  ferve 
to  fix  it  the  better  in  your  memories,  I  fhall  here  fub- 
join  his  own  account  of  the  whole  procefs. 

“  I  took,  fays  he,  a  bottle  which  held  more  than 
6C  3  gallons,  but  how  much  more,  we  have  no  occa- 
6<  fion  at  prefent  to  take  notice  of,  and  of  a  form 
fomething  oval;  which  figure  I  made  choice  of 
£C  for  the  advantage  of  its  moreeafy  libration  in  wa- 
ter.  Into  this  bottle  I  put  as  much  lead  as  would 
ferve  to  fink  it  below  the  furface  of  the  water.  And 
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44  the  reafon  why  Ichofe  rather  to  have  the  weight 
«s  of  lead  enclofed  within  the  bottle,  than  fixed  any 
44  where  on  the  outfide,  was,  to  prevent  the  incon- 
44  veniencies  which  in  the  latter  cafe  muft  needs  have 
44  arofe  from  bubbles  of  air :  for  thefe  bubbles  would 
44  have  inevitably  adhered  to,  and  lurked  in  great 
44  plenty  about  the  body  of  the  weight,  had  it  been 
44  placed  on  the  outfide,  which  muft  have  caufed 
44  fome  errors  in  the  computations  of  an  experiment 
44  that  required  fo  much  exa&nefs  and  nicety.  Thefe 
44  things  thus  provided,  the  bottle  containing  com- 
44  mon  air  clofed  up,  was  by  a  wire  fufpended  in 
44  the  water,  at  one  end  of  a  very  good  ballance,  and 
44  was  counterpoifed  in  the  water  by  a  weight  of 
44  358  i  grains  in  the  oppofite  fcale.  Then  being 
44  taken  out  of  the  water  andfcrewed  to  the  pump, 
44  in  5  minutes  time  it  was  pretty  well  exhaufted,  the 
44  mercury  in  the  gage  ftanding  at  near  29J  inches. 
44  After  which,  having  turned  a  cock  that  fcrewed 
44  both  to  the  bottle  and  the  pump,  and  fo  prevent- 
44  ed  the  air’s  return  into  it  again,  it  was  taken  off 
44  from  the  pump,  and  fufpended  as  before,  at  one 
44  end  of  the  ballance  in  the  water.  And  now  the 
44  weight  of  it  was  but  175^  grains  which  therefore 
44  fubftra&ed  from  358^  grains  (the  weight  of  the 
44  bottle  with  the  enclofed  air,  before  it  had  been 
44  applied  to  the  air-pump)  gave  for  the  difference 
44  183  grains;  which  difference  muft  confequently 
44  be  the  weight  of  the  quantity  of  air,  drawn  from 
44  the  bottle  by  the  pump.  Having  thus  determined 
44  the  weight  of  the  exhaufted  air,  the  cock  was  open- 
44  ed  under  water,  upon  which  the  water  was  at  firft 
44  impelled  with  a  confiderable  violence  into  the bot- 
44  tie  (though  this  force  abated  gradually  afterwards) 
44  and  continued  to  rufh  in,  till  fuch  a  quantity  was 
44  entered,  as  was  equal  to  the  bulk  of  the  air  with- 
44  drawn.  And  then  the  bottle,  being  examined  by 
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44  the  ballance  again,  was  found  to  weigh  162132 
44  grains ;  from  which  fubftracting  1754  grains  (the 
44  weight  of  the  bottle  with  the  fmall  remainder  of 
4 4  included  air,  after  it  was  taken  from  the  air-pump) 
44  there  remains  1619564  grains,  for  the  weight  of 
44  a  mafs  of  water  equal  in  bulk  to  the  quantity  of  air 
44  exhaufted.  So  that  the  proportion  of  the  weights 
44  of  two  equal  bulks  of  air  and  water,  is  as  183  to 
46  161956^,  oras  1  to  885. 

44  There  are  two  things  particularly  obfervable 
44  in  this  experiment.  Firft,  that  in  making  it  after 
44  this  manner,  one  need  not  be  very  folicitous  a- 
44  bout  a  nice  and  accurate  exhauftion  of  the  feceiv- 
44  er:  the  fuccefs  of  the  experiment  does  not  at  all 
44  depend  upon  it  *,  for  to  what  degree  foever  the  ex- 
44  hauftion  be  made,  it  muft  ftill  anfwer  in  propor* 
44  tion  to  the  quantity  taken  out.  Neither  can  any 
44  more  water  poflibly  enter  into  the  receiver,  than 
44  what  will  juft  fupply  the  place,  and  fill  up  the 
44  room,  deferted  by  the  exhaufted  air.  Secondly, 
44  the  feafon  of  the  year  is  to  be  confidered  in  making 
44  this  experiment.  I  made  it  in  the  warm  month  of 
44  May,  the  mercury  in  the  barometer  Handing  at 
44  the  fame  time  at  29T0  inches.  From  whence  it  is 
*4  reafonable  to  conclude,  that  a  fenfible  difference 
44  would  arife,  were  it  to  be  tried  in  the  months  of 
44  December  or  January,  when  the  ftate  and  confti- 
44  tution  of  the  air  is  ufually  different  from  what  it 
44  is  in  the  forementioned  month3’. 

Thus  far  Mr.  Haukfbee ;  and  here  I  might  con¬ 
clude  what  feems  to  me  fufficient  to  have  been  faid 
upon  this  occafion.  But  before  I  do  fo,  it  may  not  be 
amifs  in  this  place  to  make  our  enquiries  once  more 
concerning  the  ftate  of  the  atmofphere  and  the  dif¬ 
ferent  degrees  by  which  the  air  is  rarefied  at  different 
altitudes  above  the  furface  of  the  earth.  You  remem¬ 
ber  it  was  proved  in  the  foregoing  week,  that  the 
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denfity  of  the  air  was  diminifhed  in  a  geometrical 
progreffion  as  the  altitude  of  it  was  increafed  in  an 
arithmetical  progreffion.  The  truth  of  that  rule  de¬ 
pends  upon  this  fuppofition,  that  the  gravity  of  bo¬ 
dies  is  the  lame  at  all  diftances  from  the  center  of  the 
earth.  But  it  has  been  proved  and  put  beyond  dif- 
pute  by  Sir  Ifaac  Newton ,  in  his  Principia ,  that  the 
gravity  of  bodies  is  not  exa&ly  the  fame  at  all  di¬ 
ftances  from  the  center,  but  is  diminifhed  as  the  di- 
ftance  increafes  *,  fo  that  the  quantity  of  it  is  always 
reciprocally  proportionable  to  the  fquare  of  the  di- 
ftance.  From  hence  it  eafily  appears,  that  when  the 
altitude  of  the  air  above  the  furface  of  the  earth,  is 
very  great  and  very  confiderable  in  refped  of  the 
earth’s  femidiameter,  the  rule  which  I  formerly  gave 
you  will  be  far  from  being  true  *>  but  if  the  altitude 
be  frnall  and  inconfiderable,  as  the  altitudes  of  our 
higheft  mountains  muft  be  confefted  to  be,  it  will  ftill 
be  fufficiently  exa£t,  and  as  fuch  it  is  propofed  by 
Dr.  Halley  in  the  Philofophical  Tranfadlions,  and  by 
Dr.  Gregory  in  his  Aftronomy,  and  generally  receiv¬ 
ed  by  others  without  any  exceptions.  However,  it 
may  be  worth  our  while  to  fee  what  confequences  will 
arife  upon  the  truer  hypothecs,  which  fuppofes,  as 
I  faid  above,  the  gravity  of  bodies  to  be  diminifhed 
in  the  fame  proportion  by  which  the  fquare  of  their 
diftance  from  the  center  of  the  earth  is  increafed.  In. 
treating  of  this  matter,  I  fear  I  fhall  not  be  gene¬ 
rally  underftood,  yet  I  hope  I  fhall  make  the  thing 
as  eafy  as  the  nature  of  it  will  permit. 

In  Fig.  40.,  let  C  reprefent  the  center  of  the  earth, 
CA  its  femidiameter,  AB  a  part  of  its  furface,  and  let 
the  line  C  AD  be  produced  up  to  the  extremity  of 
the  atmofphere.  In  this  line  imagine  the  points  D, 
A,  F  to  be  placed  infinitely  near  to  each  other,  and 
take  as  many  other  points  dy  e,f  in  fuch  a  manner, 
that  the  diftances  dC ,  eC ,  fC  fhall  be  reciprocally 
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proportionable  to  the  diftances  DC,  DC,  DC  refpe- 
dtively,  or  in  fuch  manner,  that  the  diftances  dCr 
eC9  fC  jfhall  be  lefs  than  the  femidiameter  AC ,  in 
the  fame  proportion  by  which  the  refpedlive  diftances 
DC,  DC,  DC  are  greater  than  the  fame  femidiame¬ 
ter  ;  the,  diftances  of  the  lefler  letters  from  the  center 
being  diminifhed  in  the  fame  proportion  by  which 
the  diftances  of  the  correfponding  greater  letters 
from  the  center  are  increafed. 

Upon  the  points  A9  d9  <?,  /  eredl  the  perpendicu¬ 
lars  AB9  dpi  eqi  /r,  and  fuppofe  the  length  of  thefe 
perpendiculars  to  be  proportionable  to  the  denfity 
of  the  air  in  A9  D,  D,  D  refpedlively,  fo  that  the 
denfity  of  the  air  at  A  Jfhall  be  reprefented  by  the  per¬ 
pendicular  AB9  the  denfity  of  the  air  at  D  by  the 
perpendicular  dp9  the  denfity  at  D  by  the  perpendi¬ 
cular  eq9  and  the  denfity  at  F  by  fr. 

This  being  done,  I  am  now  to  prove,  that  if  the 
diftances  CD,  CD,  CD  be  taken  in  a  mu  ft  cal  pro- 
greffion,  and  confequently  the  diftances  Cf9  ce9  cd , 
be  in  an  arithmetical  progrefiion,  as  being  recipro¬ 
cally  proportionable  to  the  former  diftances,  the  per¬ 
pendiculars /r,  eq9  dpi  and  confequently  the  den  ft  ties 
of  the  air  in  the  places  D,  D,  D,  which  are  analo¬ 
gous  to  the  perpendiculars,  will  be  in  a  geometrical 
progrefiion. 

In  the  firft  place  then,  becaufe  the  diftances  of  the 
lefifer  letters  from  the  center,  are  reciprocally  as  the 
diftances  of  their  correfpondent  greater  letters  from 
the  fame, it  is  manifeft  that  Cd  is  to  Ce  as  CD  is  to  CD, 
and  confequently  the  difference  of  Cd  and  Ce9  is  to 
the  difference  of  CD  and  CD,  as  Ce  to  CD,  or  fbe- 
caufe  the  points  D  and  D  are  fuppofed  to  be  infinite¬ 
ly  near  to  each  other)  as  Ce  to  CD,  or  (becaufe  Ce  is 
lefs  than  CA  in  the  fame  proportion  by  which  CE 
is  greater  than  CA9  and  confequently  C<?,  CA  and 
CE  are  continual  proportionals)  as  CA%  is  to  CEq . 
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It  is  evident  then,  that  de  (the  difference  of  Cd 
and  Ce)  is  to  DE  (the  difference  of  CD  and  CD)  as 
CAq  is  to  CEq . 

Therefore  if  the  diftance  CE  remain  unaltered,  and 
confequently  the  proportion  of  CAq  to  CEq  remain 
unaltered,  the  proportion  of  de  to  DE  will  alfo  re¬ 
main  unaltered,  and  confequently  will  beasDD; 
that  is,  de  will  be  increafed  and  diminifhed  in  the 
fame  proportion  with  DE, 

But  if  DE  remain  unaltered,  becaufe  it  is  always 
greater  than  de  in  the  proportion  by  which  CEq  is 
greater  than  CAq,  it  follows  that  de  mu  it  neceffarily 
be  diminifhed  in  the  fame  proportion  by  which  CEq 
is  increafed,  and  increafed  in  the  fame  proportion 
by  which  CEq  is  diminifhed ;  or  in  other  words,  it 
mu  it  always  of  neceffity  be  reciprocally  as  CEq, 

Whence  it  follows,  that  if  neither  DE  nor  CD  r e- 
main  unaltered,  de  will  be  as  DE  directly  and  as  CEq 
reciprocally. 

But  the  bulk  of  air  between  the  places  D  and  E  is 
as  DD,  and  the  gravitation  of  the  fame  is  recipro¬ 
cally  as  the  fquare  of  CD,  its  distance  from  the  cen¬ 
ter  ;  therefore  de  is  as  the  bulk  and  gravitation  to- 
gether  of  the  fame ;  and  confequently  fince  eq  is  as  its 
denfity,  the  product  of  de  and  eq  or  the  area  deqp  will 
be  as  the  produdf  of  its  denfity,  bulk  and  gravitati¬ 
on,  that  is,  as  its  force  to  comprefs  the  inferior  air. 

And  die  fum  of  all  fuch  areas  below  dp  will  be  as 
the  fum  of  fuch  forces  of  all  the  air  above  D,  that  is, 
as  dp  the  denfity  of  the  air  at  D  for  you  know  the 
denfity  of  the  air  is  always  as  the  force  which  com- 
preffes  it. 

Since  the  perpendicular  dp  is  as  the  fum  of  all  the 
little  areas  below  itsfelf,  and  the  perpendicular^,  for 
the  fame  reafon,  is  as  the  fum  of  all  below  itsfelf,  it 
follows  that  the  difference  of  eq  and  dp  is  as  the  dif¬ 
ference  of  thofe  films,  which  difference  is  the  area 
dqpd. '  -  T hu$ 
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Thus  far  then  we  have  proceeded  :  we  have  found 
that  the  difference  of  the  perpendiculars  eq  and  dp  is 
as  the  area  eqpd  comprehended  by  thole  perpendicu¬ 
lars. 

Let  us  now  fuppofe  the  diftances  CF,  CE,  CD, 
andfo  on,  to  be  taken  in  a  mufical  progreffion,  and 
then,  as  was  laid  above,  the  diftances  Cj Ce ,  Cd ,  and 
fo  on,  will  be  in  an  arithmetical  progreffion ;  and 
therefore  all  the  intervals  c/will  be  equal,  and  con- 
fequently  the  areas  eqpd,  which  have  thofe  equal  in¬ 
tervals  for  their  bafes,  will  be  as  their  altitudes  eq. 

Hence  the  difference  of  eq  and  dp,  which  was  as 
the  area  eqpd ,  will  be  as  eq,  and  confequently  dp  will 
be  as  eq.  In  other  words,  the  two  perpendiculars, 
which  terminate  the  little  area  included  between 
them,  do  every  where  bear  the  lame  given  propor¬ 
tion  to  each  other:  that  is,  the  proportion  o f/r  to  . 
eq  is  the  fame  with  the  proportion  of  eq  to  dp,  and 
confequently  the  perpendiculars  fr,  eq,  dp,  and  fo  on, 
are  in  a  geometrical  progreffion. 

But  thefe  perpendiculars  exprefs  thedenfity  of  the 
air  at  the  places  F,  E,  D ,  and  fo  onwards.  There¬ 
fore  thofe  denfities  are  alfo  in  a  geometrical  progref¬ 
fion,  which  was  the  thing  to  be  proved. 

To  proceed  further  ;  fmce  Cd  is  to  CA  as  C  A  is 
to  CD,  it  follows  that  Ad  is  to  AD  as  CA  to  CD,  or 
in  other  words,  that  Ad  is  lefs  than  AD  in  the  fame 
proportion  by  which  the  femidiameter  of  the  earth  is 
lefs  than  the  diftance  of  the  point  D  from  the  cen^ 
ter. 

Confequently  to  find  the  length  of  Ad,  we  muft 
diminifh  the  altitude  AD  in  the  proportion  of  the 
femidiameter  of  the  earth  to  the  fum  of  the  femidia¬ 
meter  and  the  altitude,  for  which  reafon  I  ftiall  call 
Ad  the  diminifhed  altitude  of  the  point  D ;  and  up¬ 
on  the  fame  account  Ae  may  be  called  the  diminiih- 
ed  altitude  of  the  point  E,  and  Af  the  diminifhed 
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altitude  of  the  point  F ;  and  fo  if  h  be  the  point 
which  correfponds  as  above  to  the  point  //,  Ah  will 
be  the  diminished  altitude  of  the  point  H . 

Now  it  is  eafy  to  obferve  that  as  the  distances  Cd9 
Ce,  Cf  are  in  arithmetical  progreffion,  fo  are  alfo  the 
diminished  altitudes  Ad^  Ae ,  Af. 

And  from  hence  there  arifes  this  Theorem.  That 
if  the  diminished  altitudes  be  taken  in  arithmetical 
progreffion,  the  denfities  of  the  air  will  be  in  a  geo¬ 
metrical  progreffion. 

Therefore  if  the  rarity  of  the  air  at  any  one  alti¬ 
tude,  fuppofe  at/7,  be  known,  you  may  eafily  enough 
find  its  rarity  at  any  other  altitude,  fuppofe  at  D.  For 
as  the  diminished  altitude  of  the  point  //,  is  to  the 
^diminished  altitude  of  the  point/),  fo  will  the  loga¬ 
rithm  of  the  air’s  rarity  at  //,  which  is  fuppofed  to 
be  known,  be  to  the  logarithm  of  the  air’s  rarity  at 
D,  which  was  to  be  found. 

The  whole  difficulty  of  thebufinefs  is  therefore  re¬ 
duced  to  this  ^  to  find  the  rarity  of  the  air  at  fome 
one  altitude  as  at  II.  This  may  be  done  as  I  former¬ 
ly  Shewed  you,  by  carrying  the  barometer  to  the  top 
of  fome  very  high  mountain,  and  obferving  the  de¬ 
scent  of  the  quickfilver.  Such  were  the  experiments 
made  upon  the  Puy  de  Domme  in  France  and  Snow¬ 
don  Hill  in  Wales,  which  I  made  ufe  of  the  laft  week 
when  I  difeourfed  of  this  fubjedl. 

But  the  method  I  Shall  now  defer ibe  to  you  is  more 
expeditious,  and  depends  upon  the  experiment  which 
we  made  this  day.  It  appears,  as  I  faid,  by  many 
fuch  experiments  compared  together,  that  the  weight 
of  air  is  to  the  weight  of  water  as  i  to  about  850, 
Therefore  a  column  of  air  whofe  height  is  S50  inches 
or  70  feet  and  10  inches,  will  be  equal  in  weight  to 
a  column  of  water  upon  the  fame  bafis,  whofe  height 
is  1  inch.  Let  us  fuppofe  that  AH ,  the  height  of  the 
point  II  above  the  Surface  of  the  earth  is  70  feet  and 

10 


1 


/ 


xiv.  the  fate  of  the  atmofphere . 


10  inches;  then  becaufe  the  ffandard  height  of  wa¬ 
ter  in  the  Pafcalian  tube  is  34  feet  01*408  inches,  and 
this  height  of  water  is  a  ballance  to  the  preffure  of 
the  whole  atmofphere  upon  the  furface  of  the  earth, 
it  is  manifeft  that  the  weight  of  the  whole  column  of 
air,  which  is  fuperior  to  the  point  A ,  is  equal  to  the 
weight  of  a  column  of  water  upon  the  fame  bafis, 
whofe  height  is  408  inches.  Take  from  the  weight 
of  the  whole  column  of  air,  the  weight  of  that  part 
of  the  column  which  reaches  from  A  up  to  H ,  and 
which  was  fhewn  to  be  equal  to  one  inch  of  water, 
and  the  weight  of  the  remaining  part  of  the  column 
which  is  above  the  point//,  will  be  equal  to  the  weight 
of  407  inches  of  water.  Therefore  the  force  with 
which  the  air  at  A  is  compreffed,  is  to  the  force  with 
which  the  air  at  //is  compreffed,  as  408  to  407  ;  and 
the  rarity  of  the  air  at  //,  is  to  the  rarity  of  the  air 
a t^f,  in  the  fame  proportion. 

You  may  perceive  that  this  method  fuppofes  the 
air  to  be  of  the  fame  denfity  in  every  part  of  the  fpace 
AH ,  which  is  not  exactly  true ;  but  in  fo  fmall  an  al¬ 
titude  as  that  of  70  feet,  the  error  is  altogether  in- 
feniible.  However,  if  you  have  a  mind  to  proceed 
with  the  utmoff  accuracy,  you  may  do  fo,  by  making 
the  altitude  AH  as  fmall  as  you  pleafe  (a). 


(a)  Both  in  this  and  the  former  folution,  pag.  102, it  appears, 
that  to  find  the  air’s  rarity  at  any  propoied  altitude,  it  is  neceffary 
firft  to  determine  it  by  experiment  at  fome  one  altitude.  But  the 
Author  has  improved  thefe  folutions  in  his  Harmonia  Menfurarurn , 
fo  as  to  find  the  rarity  at  any  propofed  altitude  without  that  deter¬ 
mination  ;  which  may  be  looked  upon  as  no  fmall  curiofity,  and 
alfo  as  a  particular  proof,  among  many  more  in  that  admirable 
book,  of  the  great  excellency  of  the  Author’s  general  method  of  re¬ 
ducing  problems  to  the  Meafures  of  Ratios  and  Angles,  and  thence 
immediately  to  the  tables  of  Logarithms,  Sines  and  Tangents;  as  be¬ 
ing  the  lhorteft  and  eafieft  way,  both  in  theory  and  practice,  to  an 
actual  folution.  As  an  infiance  of  this  I  will  give  his  folutions  of 
the  problem  before  us,  in  the  form  of  the  following  Rules  for  com* 
putation,  omitting  the  geometrical  reprefentation  of  them  as  requir* 
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lecture  xv. 

'Air  is  the  medium  that  propagates  founds :  their  veloci¬ 
ty  and  manner  of  propagation. . 

From  the  experiments  we  have  been  making  it 
is  very  eafy  to  infer  this  conclufion,  that  the  air 
is  that  medium  by  which  all  founds  are  propagated 
from  fonorous  bodies  and  conveyed  to  our  ears.  As 
the  air  was  in  part  exhaufted  from  our  receiver,  fo 
was  the  found  of  the  bell  proportionably  diminifh- 
ed ;  and  when  we  feemed  to  have  made  an  almoft 
perfect  evacuation,  the  found  alfo  at  the  fame  time 
ieemed  almoft  entirely  to  ceafe.  On  the  other  hand 
as  the  quantity  of  air  was  augmented  by  the  con- 
denfer,  the  found  received  a  like  augmentation,  and 
as  the  augmentation  of  the  air  became  yet  greater, 
fo  did  that  of  the  found  alfo,  and  feemingly  in  the 
fame  meafure,  It  is  therefore  highly  reafonable  to 

ing  a  previous  knowledge  of  the  Author’s  definitions  of  the  mea- 
fures  abovementioned. 

Putting  l  for  the  logarithm  of  the  rarity  required  at  any  propof- 
ed  altitude  ay  m  for  the  conhant  logarithm  0.434294481 9,  h  for 
the  height  of  an  homogeneal  atmoiphere,  reduced  every  where  to 
the  denfity  of  the  air  we  breath,  and  s  for  thefemidiameter  of  the 
earth ;  upon  the  hypothecs  of  an  uniform  gravity  of  the  air  at  all 

altitudes*  we  have  /  =:  —  x  a ;  but  upon  the  true  hypothecs  of  a 

decreafing  gravity ;  as  the  fquare  of  the  diftancefrom  the  center  in- 

creafes,  we  have  /  —  ~  x  —  x  a. 

h  i—'ra 

In  the  fame  book  the  Author  has  alfo  given  us  a  general  foluti- 
©n  of  this  problem,  as  fimple  as  thele  particular  ones,  fuppofing 
gravity  to  be  as  any  given  power  of  the  diilance  from  the  center. 

The  Author’s  eftimate  of  the  height  h  in  page  97,  is  29254  feet; 
Sir  Ifaac  Newton  makes  it  29725  feet,  taking  his  quickfilver  to 
water  _  as  1 3  \  to  1 ,  and  water  to  air  as  870  to  1 ,  when  that  quick- 
lilver  is  30  inches  high  in  the  barometer.  Phil.  Princip.  lib.  2. 
prop.  50.  Schol. 
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conclude,  that  the  air  is  the  true  and  only  medium 
by  which  all  founds  are  propagated  from  one  place 
to  another ;  for  the  caufe  mult  anfwer  to  its  effecft, 
and  the  effedl  to  its  caufe  ;  as  the  one  is  augmented 
or  dim  in  idled,  fo  mu  ft  the  other  necefiarily  be  aug¬ 
mented  or  diminifhed  in  the  fame  proportion. 

But  it  may  perhaps  be  faid,  that  the  air  concurs 
only  to  the  production  of  founds  and  not  to  their 
propagation.  For  poffibly  by  the  abfence  of  the  air, 
the  fonorous  body  may  undergo  fuch  a  change  in  its 
parts,  as  to  be  rendered  incapable  of  being  put  into 
thofe  motions  which  are  abfolutely  requifite  to  excite 
in  us  the  fenfation  of  found.  This,  I  fay,  may  perhaps 
be  objected  to  us,  and  if  we  admit  the  objection,  it 
muft  be  confefied  that  our  experiments  do  not  prove 
fo  much  as  was  intended  to  be  collected  from  them. 
For  my  part  I  muft  acknowledge  that  the  fuppo- 
fition  upon  which  this  objection  proceeds,  is  to  me 
altogether  inconceivable  ;  for  according  to  my  ap- 
prehenftons  of  the  matter,  the  prefence  of  the  air 
fhould  rather  obftrudt  and  in  time  deftroy  thofe  tre¬ 
mulous  motions  of  the  fonorous  body,  than  any  way 
contribute  to  their  production.  However,  for  your 
further  fatisfaction,  I  fhall  here  add  an  account  of  an 
experiment  made  fome  years  ago  by  Mr.  Haukjbee , 
and  publifhed  in  the  Philofophical  Tranfadlions;  by 
which  it  will  appear  that  founds  actually  produced, 
cannot  be  tranfmitted  through  a  vacuum. 

“  I  took,  fays  he,  a  ftrong  receiver  armed  with  a 
brafs  hoop  at  the  bottom,  in  which  I  included  a 
“  bell  as  large  as  it  could  well  contain.  This  re- 
5C  ceiverl  fcrewed  ftrongly  down  to  a  brafs  plate  with 
**  a  wet  leather  between,  and  it  was  full  of  common 
46  air,  which  could  no  ways  make  its  efcape.  Thus 
6C  fecured  it  was  fet  on  the  pump,  where  it  was  co- 
vered  with  another  large  receiver.  In  this  manner 
f6  the  air  contained  between  the  outward  and  inward 
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46  receivers  was  exhaufted.  Now  here  I  was  fure, 
when  the  clapper  fhould  be  made  to  ftrike  the 
bell,  there  would  be  actually  found  produced  in 
44  the  inward  receiver ;  the  air  in  which  was  of  the 
44  fame  denfity  with  common  air,  and  could  fuffer  no 
44  alteration  by  the  vacuum  on  itsoutfide,  foftrong- 
44  ly  was  it  fecured  on  all  parts.  Thus  all  being  rea- 
44  dy  for  trial,  the  clapper  was  made  to  ftrike  the 
44  the  bell ;  but  I  found  that  there  was  no  tranfmif- 
44  fion  of  it  through  the  vacuum ,  though  I  was  fure 
44  there  was  actual  found  produced  in  the  inward  re- 
44  ceiver.”  And  from  this  experiment  he  very  juftly 
concludes,  that  air  is  the  only  medium  for  the  pro¬ 
pagation  of  founds. 

Now  to  make  us  underftand  the  manner  by  which 
this  propagation  is  performed,  philofophers  have  ge¬ 
nerally  had  recourfe  to  that  very  obvious  inftance 
of  a  ftone,  or  any  other  heavy  body,  thrown  into  a 
pond  of  ftagnating  water.  For  as  the  furface  of  the 
water  forms  itfelf  into  circular  waves,  which  are  fuc- 
ceflively  propagated  from  the  ftone  as  from  a  cen¬ 
ter,  and  are  continually  dilated  in  their  progrefs,  be¬ 
coming  ftill  greater  and  greater  as  they  are  further 
removed  from  the  center,  till  at  laft  they  reach  the 
banks  of  the  water  and  there  vanifh,  or  dafhing  them- 
felves  againft  it  are  reflected  back  again  ;  fo  they  tell 
us,  that  the  tremulous  motion  of  bodies  which  is  re- 
quifite  for  the  production  of  founds,  does  excite  in 
the  air  the  like  undulations,  which  are  alfo  propa¬ 
gated  to  very  great  di fiances  in  fuccefftve  rings,  eve¬ 
ry  way  incom palling  the  fonorous  body  *,  and  thefe 
undulations  meeting  with  our  organs  of  hearing,  im- 
prefs  upon  them  a  certain  tremor,  which  does  necef- 
farily  excite  in  our  minds  the  fenfation  of  found. 

It  muft  be  allowed,  that  this  example  is  proper  e- 
nough  to  illuftrate  and  reprefent  to  us  thofe  invifi- 
ble  motions  of  the  air,  by  which  the  conveyance  of 

founds 
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founds  is  made  from  one  place  to  another.  But  the 
comparifon  ought  not  to  be  carried  on  too  far  ;  for 
it  is  very  certain  it  will  not  hold  good  in  every  re- 
fpecft,  and  fome  philofophers  of  great  note,  have  o- 
verfhot  the  mark  by  endeavouring  to  make  out  a 
more  exadt  correfpondence  than  was  needful. 

I  ihall  here  take  notice  only  of  two  particulars,  in 
one  of  which  an  agreement  may  be  obferved  in  thefe 
motions  of  air  and  water ;  in  the  other  a  difagree- 
ment.  It  is  eafy  to  perceive  upon  the  furface  of  fuch 
a  pond  as  I  have  been  fpeaking  of,  that  the  watry 
undulations  are  propagated  not  only  directly  for¬ 
wards, but  if  any  obftacle  happen  to  be  placed  in  their 
way  foas  to  obftrubt  their  progrefs,  they  will  bend 
their  courfe  about  the  fidesof  the  obftacle,  and  dilate 
themfelves  by  an  oblique  motion,  into  that  part  of 
the  pond  which  lies  immediately  behind  the  obfta¬ 
cle  ;  which  part  of  the  furface  of  the  pond  muft  have 
remained  perfectly  fmooth,  and  could  never  have 
participated  of  this  undulating  motion,  if  it  were  not 
otherways  propagated  than  by  ftraight  lines  proceed¬ 
ing  direbtly  from  the  central  body  which  firft  excit¬ 
ed  it.  Imagine  a  partition  to  be  drawn  crofs  the 
pond,  from  the  one  fide  of  it  to  the  other,  by  which 
it  may  be  divided  into  two  parts,  and  in  the  middle 
of  this  partition  conceive  a  fmall  aperture  to  be  made* 
by  which  the  water  on  the  one  fide  of  the  partition, 
may  have  a  communication  with  that  on  the  other 
fide  of  it.  Then  if  the  water  on  either  fide  be,  put  in¬ 
to  an  undulating  motion,  the  waves  will  continue  to 
extend  themfelves  till  they  arrive  at  the  partition, 
and  there  will  in  part  be  refledied  back  again,  and  in 
part  be  permitted  to  pafs  through  the  aperture;  and 
after  their  paftage  you  will  perceive  them  to  be  re¬ 
gularly  dilated  from  the  aperture  as  from  a  center, 
and  to  fpread  themfelves  over  the  whole  furface  of 
the  pond  which  lies  behind  the  partition ;  not  by  a  di- 
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re£l  motion  From  the  place  in  which  they  were  at  firft 
excited,  for  this  cannot  be  by  reafon  of  the  partition, 
but  by  an  oblique  and  lateral  progrefs,  their  courfe 
being  bent  as  they  pafs  through  the  aperture. 

In  the  fame  manner  it  may  be  obferved,  that  thofe 
undulations  of  the  air  by  which  founds  are  convey¬ 
ed  from  place  to  place,  are  not  only  propagated  in 
ftraight  lines,  proceeding  dire&ly  from  the  fonorous 
body,  but  if  any  obftacle  happen  to  be  interpofed,' 
they  alfo  bend  their  courfe  about  the  obftacle,  and 
arrive  at  the  ears  of  the  hearer  by  an  oblique  motion. 
Thus  two  perfons  may  very  well  hold  a  difcourfe 
with  each  other,  though  a  very  high  wall  be  between 
them,  and  it  is  certain  the  found  in  this  cafe  is  not 
carried  from  the  one  to  the  other  by  a  direct  motion, 
but  after  it  has  afcended  from  the  fpeaker  to  the  top 
of  the  wall,  its  courfe  is  there  bent,  and  fo  it  pro¬ 
ceeds  down  again  to  the  hearer. 

Thus  if  a  gun  be  di {charged  on  the  one  fide  of  a 
mountain,  we  may  eafily  hear  the  found  of  it  on  the 
other  fide  *,  though  it  be  very  certain  that  this  found 
could  never  reach  our  ears  unlefs  it  were  propagated 
obliquely  over  the  top  of  the  mountain,  or  by  the 
fides  of  it.  That  thefe  things  are  matter  of  fadl  eve- 
ry  body’s  own  obfervation  will  convince  him.  But 
philofophers  are  fometimes  led  on  by  prejudice,  to 
argue  even  againft  matter  of  fact.  T  hat  we  may  there¬ 
fore  oppofe  them  in  their  own  way,  it  will  be  worth 
our  while  to  examine  a  little  into  the  nature  of  the 
thing,  and  to  fee  what  conclufton  we  may  pofiibly 
infer  from  thence. 

In  order  to  this  I  ftiall  in  the  firft  place  endeavour 
reprefent  to  you,  as  clearly  and  diftindlly  as  I  can, 
the  manner  by  which  thefe  undulations  are  produ¬ 
ced  in  the  air  and  continued ;  for  thofe  upon  the 
furface  of  water  need  not  here  be  any  further  in¬ 
filled  on,  their  oblique  propagation  Teeming  indeed 
prever  to  have  been  called  into  queftion.  We 
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We  are  therefore  to  underftand,  that  the  parts  of 
the  fonorous  body,  being  put  into  a  tremulous  and 
vibrating  motion,  are  by  turns  moved  forwards  and 
backwards.  Now  as  they  go  forwards  they  muit  of 
neceflity  prefs  upon  the  parts  of  the  air  to  which  they 
are  contiguous,  and  force  them  alfo  to  move  for¬ 
wards  in  the  fame  dire&ion  with  themfelves  *,  and 
confequently  thofe  contiguous  parts  will  at  that  time 
be  condenfed ;  then  as  the  parts  of  the  fonorous  bo¬ 
dy  return  back  again,  the  parts  of  the  air  which  were 
juft  before  condenfed,  will  be  permitted  to  return 
with  them,  and  by  returning  they  will  again  expand 
themfelves.  It  is  manifeft  therefore,  that  the  conti¬ 
guous  parts  of  the  air  will  go  forwards  and  back¬ 
wards  by  turns,  and  be  fubjedl  to  the  like  vibrating 
motion  with  the  parts  of  the  fonorous  body. 

And  as  the  fonorous  body  produces  a  vibrating 
motion  in  the  contiguous  parts  of  the  air,  fo  will 
thefe  parts  thus  agitated,  in  like  manner  produce  a 
vibrating  motion  in  the  next  parts,  and  thofe  in  the 
next,  and  fo  on  continually.  And  as  the  fir  ft  parts 
were  condenfed  in  their  progrefs  and  relaxed  in  their 
regrefs,  fo  will  the  other  parts,  as  often  as  they  go 
forwards,  be  condenfed,  and  as  often  as  they  go 
backwards,  be  relaxed.  And  therefore  they  will  not 
all  go  forwards  together  and  all  go  backwards  to¬ 
gether;  for  then  their  refpe&ive  diftances  would  al¬ 
ways  be  the  fame,  and  confequently  they  could  not 
be  rarefied  and  condenfed  by  turns ;  but  meeting 
each  other  when  they  are  condenfed,  and  going  from 
each  other  when  they  are  rarefied,  they  muft  necef- 
farily  one  part  of  them  go  forwards  whrlft  the  other 
goes  backwards,  by  alternate  changes  from  the  firft 
to  the  laft. 

Now  the  parts  which  go  forwards,  and  by  going 
forwards  are  condenfed,  conftitute  thofe  pulfes  which 
ftrike  upon  our  organs  of  hearing  and  other  obfta- 
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cles  they  meet  with ;  and  therefore  a  fucceffion  of 
pulfes  will  be  propagated  from  the  fonorous  body. 
And  becaufe  the  vibrations  of  the  fonorous  body  fol¬ 
low  each  other  at  equal  intervals  of  time,  the  pulfes 
which  are  excited  by  thofe  feveral  vibrations,  will 
alfo  fucceed  each  other  at  the  fame  equal  intervals. 
You  fee  then  that  the  undulations  of  the  air  confift  in 
a  fucceffive  and  interchangable  rarefadlion  and  con- 
denfation  of  its  feveral  parts,  as  thofe  of  water  con- 
lifted  of  fucceffive  and  interchangable  afcents  and 
defcents  of  the  feveral  parts  of  the  water :  the  pulfes 
or  denfer  parts  of  the  air  correfpond  to  the  afcents 
of  the  water,  and  as  thofe  elevated  parts  of  the  wa¬ 
ter  defcend  again  by  the  force  of  their  gravity,  fo 
thefe  denfer  parts  of  the  air  expand  themfelves  again 
by  the  force  of  their  elafticity. 

This  further  may  be  obferved,  that  though  the 
pulfes  are  carried  on  to  very  great  diftances  by  a  di- 
red:  progreffive  motion,  yet  thefpaces  in  which  the 
parts  of  the  air  perform  their  vibrations,  may  be  ve¬ 
ry  fmall  and  inconfiderable.  To  propagate  the  pulfes* 
it  is  not  requifite  that  the  whole  body  of  the  air 
fhould  be  moved  on  directly  forwards  as  in  the  cafe 
of  winds  ;  for  by  fuch  a  motion,  as  was  faid  above, 
the  feveral  parts  of  the  air  would  always  retain  their 
refpedtive  diftances  from  each  other,  and  confequent- 
ly  they  could  not  be  fucceffively  and  interchangably 
rarefied  and  condenfed,  and  thereby  no  pulfe  would 
be  made.  It  is  therefore  abfolutely  necefiary  that  they 
move  backwards  and  forwards  by  turns  •,  and  how 
fmall  foever  thefpaceis  in  which  their  vibrations  are 
performed,  it  will  be  fufficient  to  caufe  a  fucceffive 
condenfation  of  the  parts;  in  which  fucceffive  con- 
denfation  the  progrefs  of  each  pulfe  confifts. 

It  now  remains  to  be  proved  that  thefe  pulfes  and 
undulations  are  propagated  not  only  diredtly  for¬ 
wards,  according  to  the  tendency  of  the  motion  of 
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the  parts  of  the  fonorous  body,  but  Tideways  alfo, 
fpreading  themfelves  obliquely  into  the  neighbour¬ 
ing  regions  of  the  air,  which  would  otherwife  remain 
at  reft,  as  lying  out  of  the  trad:  of  their  dired:  moti¬ 
on.  This  neighbouring  air,  which  borders  on  the  fides 
or  edges  of  that  tract,  being  in  its  natural  ftate  of 
expanfton,  will  be  rarer  than  the  air  which  makes  the 
pulfes,  and  denfer  than  that  in  the  intervals  between 
the  pulfes.  It  muft  therefore  neceffarily  come  to  pafs, 
that  theairof  the  pulfes  will  expand  i-tfelf laterally 
into  thofe  parts  of  the  bordering  fpaces  which  areo- 
ver  againft  the  pulfes,  and  thofe  parts  of  the  border* 
ing  air,  which  are  over  againft  the  intervals  of  the 
pulfes,  will  for  the  fame  reafon  dilate  themfelves  la¬ 
terally  into  the  intervals ;  and  thus  the  bordering  air 
will  become  denfer  over  againft  the  pulfes,  and  rarer 
over  againft  the  intervals,  and  fo  partake  of  that  un¬ 
dulating  motion  which  was  at  firft  diredly  propa¬ 
gated  from  the  fonorous  body. 

And  as  this  air  which  immediately  borders  upon 
the  tra6t  of  dired:  motion,  owes  its  undulations  to 
the  air  contained  in  that  trad:,  fo  does  it  after  the 
fame  manner  communicate  the  like  undulations  to 
the  air  which  is  next  to  it  on  the  other  fide,  and  that 
communicates  the  like  to  the  next,  and  foon  conti¬ 
nually.  And  thus  the  undulations  are  propagated  in¬ 
to  all  the  neighbouring  regions*,  not  always  indeed 
by  a  motion  proceeding  in  ftraight  lines  from  the 
fonorous  body,  but  if  thofe  regions  happen  to  lie 
out  of  the  trad:  of  dired:  motion,  or  to  be  placed  be¬ 
hind  fome  obftacle,  the  propagation  is  made  by  fuch 
a  lateral  and  oblique  diffulion  as  has  been  above  de- 
fcribed.  It  is  evident  therefore  from  the  confidera- 
tion  of  their  nature,  as  well  as  from  experiment  and 
matter  of  fad:,  that  thefe  aery  undulations  agree  with 
thofe  of  water  in  being  propagated  not  only  diredr- 
ly  forwards,  but  alfo  Obliquely,  fo  as  thereby  to 
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pervade  the  fpaces  which  lie  behind  any  obftacle 
which  may  be  oppofed  to  their  progrefs.  And  the 
fame  may  be  faid  of  any  other  fort  of  motion  of 
preflure  which  is  conveyed  by  the  intervention  ofa- 
ny  fluid.  And  this  was  the  firfl:  of  thofe  two  parti¬ 
culars  which  I  thought  fit  to  take  notice  of. 

If  the  account  I  have  been  giving  of  this  matter, 
from  the  philofophy  of  Sir  Ifaac  Newton ,  may  any 
way  contribute  to  a  clearer  conception  of  the  manner 
by  which  founds  are  tranfmitted  through  the  air*  it 
will  be  no  lofs  of  time  to  have  infilled  fo  long  upon 
it.  But  befides  this  advantage,  I  had  further  in  my 
view  the  decifion  of  a  notable  queflion  among  philo- 
fophers,  concerning  the  propagation  of  light.  Some 
have  thought  that  the  body  of  the  fun  does  all  a- 
round  it,  incefiantly  caft  out  from  itsfelf,  with  an  al- 
moft  incredible  fwiftnefs,  thofe  very  fine  and  deli¬ 
cate  particles  of  matter,  which  after  they  have  tra- 
verfed  fo  vail  a  diftance,  imprefs  upon  our  organs  of 
feeing  that  peculiar  motion  which  is  requifite  to  ex¬ 
cite  in  our  minds  the  fenfation  of  light.  Others  on 
the  contrary,  arid  thofe  the  more  numerous,  have 
believed  that  the  lucifick  particles  which  immedi¬ 
ately  affcdt  our  fenfe  of  feeing,  are  by  no  means  them- 
felves  derived  from  the  body  of  the  fun,  but  their 
motion  only ;  and  this  motion  they  imagine  to  be 
communicated  to  them  from  the  fun,  by  the  media¬ 
tion  of  a  very  fubtle  and  setherial  fluid,  whereof  they 
themfelves  make  a  part. 

Des  Cartes  indeed  who  held  a  'plenum ,  thought  it 
fufficient  to  make  the  a<5tion  of  light  confift  in  a 
preflure  only,  which  he  conceived  to  be  inftantane- 
oufly  conveyed  from  the  fun  by  means  of  that  pie* 
num.  But  this  notion  was  afterwards  confuted  by  a 
furprifing  difcovery  of  Mr.  Roemer ,  who  made  it  e- 
vident  from  obfervations  of  the  eclipfes  of  Jupiter’s 
fatellites,  that  the  propagation  of  light  was  not  in- 
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ftantaneous,  though  its  fwiftnefs  was  found  to  be  al- 
mod  beyond  comprehenfion,  as  requiring  no  longer 
a  time  than  that  of  half  a  quarter  of  an  hour  to  pafs 
from  the  fun  to  the  earth,  which  fpacea  cannon  ball 
would  be  25  years  in  defcribing. 

Hereupon  Hugenius  propofed  a  new  hypothecs, 
in  which  he  fuppofes  this  very  fwift,  but  not  inftan- 
taneous,  motion  to  be  propagated  from  the  fun  by 
fucceftive  undulations  of  the  aether,  in  all  refpebts  a- 
like  to  thofe  of  the  air,  by  which  the  motion  of 
founds  is  tranfmitted  from  fonorous  bodies.  When 
we  take  a  particular  view  of  the  feveral  parts  of  this 
hypothecs,  it  appears  to  be  fo  very  ingenioufly 
contrived,  and  fo  handfomely  put  together,  that  one 
can  hardly  forbear  to  wifli  it  were  true.  But  it  is  ve- 
ry  manifeft,  from  the  obfervation  I  have  lately  been 
making,  that  neither  this  nor  any  other  hypothecs 
can  be  fo,  which  fuppofes  the  progrefs  of  light  to 
depend  only  upon  the  agitations  of  a  fluid  medium, 
conveyed  fucceflively  from  the  luminous  body  to  our 
fenfes.  For  if  any  fuch  hypothefls  were  true,  the  con- 
fequence  of  it  would  be  this,  that  light  would  not 
only  go  dlrecftly  forwards  in  flraight  lines  from  the 
luminous  body,  but  might  alfodifl'ufe  itfelf  oblique¬ 
ly,  after  the  manner  of  founds,  when  any  obftacle 
happened  to  be  interpofed,  and  fo  it  might  dilate 
itsfelf  into  the  fpaces  which  lie  behind  the  obftacle  *, 
and  thus  we  fhould  have  a  perpetual  day  even  at  mid¬ 
night,  and  a  total  eclipfe  of  the  fun’s  light  would 
be  a  thing  altogether  impoflible.  I  might  here  add 
fome  further  confiderations  concerning  the  motion 
of  light,  but  fince  I  cannot  do  it  without  making 
this  digreflion  too  long,  I  fhall  omit  it  and  return  to 
the  fubjedl  I  have  undertaken. 

The  fecond  particular  then,  which  I  propofed  to 
take  notice  of,  was  concerning  a  certain  difagree- 
ment  of  the  undulations  of  air  and  thofe  upon  the 
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furface  of  water  ;  I  mean  in  refpedl  of  the  velocity 
with  which  they  are  moved  forwards.  It  has  been 
found  by  many  repeated  obfervations,  and  is  general¬ 
ly  agreed  on,  that  all  founds  are  tranfmitted  through 
the  air  with  one  certain,  determinate  velocity;  the 
greatnefs  or  fmallnefs  of  the  found  not  in  the  leaf!: 
contributing  to  the  acceleration  or  retardation  of  its 
motion.  Now  it  might  be  expelled  that  the  undula¬ 
tions  of  water  fhould  alfo,  in  like  manner,  fpread 
themfelves  from  the  central  body,  which  excited 
them,  how  different  foever  the  weight,  magnitude 
and  force  of  that  central  body  might  happen  to  be, 
with  one  fixed  and  determinate  velocity,  though  that 
Velocity  were  different  from  the  velocity  of  founds, 
as  being  propagated  through  a  different  medium. 

Gaffendus  indeed,  who  imagined  a  perfect  corre- 
fpondence  between  thefe  waves  of  w^ater  and  thofe 
of  the  air,  by  which  founds  are  conveyed,  was  of  o- 
pinion  that  the  matter  flood  thus but  his  opinion 
has  juflly  been  cenfured  by  the  famous  Florentine 
Academy  del  Cimento,  wrho  found  it  would  not  an- 
fwer  upon  trial.  They  tell  us  on  the  contrary  they 
have  obferved  by  frequent  experiments,  that  by  how 
much  the  done  is  larger  and  the  force  greater,  where¬ 
with  it  is  thrown  into  the  water,  by  fo  much  the  cir¬ 
cles  approach  the  fhore  fwifter. 

Sir  Ifaac  Newton  in  his  excellent  Principia  Philo - 
fophice  has  carried  this  matter  fomewhat  further.  He 
confiders  the  nature  of  thefe  waves  and  the  manner 
by  which  they  are  formed ;  and  from  that  confedera¬ 
tion  he  determines  their  velocity  a  priori.  His  con- 
clufion  is  this,  that  as  thefe  circles  are  excited  by  a 
greater  force,  and  confequently  their  diflances  from 
each  other  become  greater,  their  velocities  will  be 
increafed  in  a  fubduplicate  proportion  of  their  di¬ 
flances.  Thus  if  the  force  be  increafed  fo  much,  that 
the  diflances  of  the  waves  become  four  times  as  great 


through  the  air . 


as  before,  their  velocities  will  be  double;  if  the  di- 
fiances  become  nine  times  as  great,  the  velocity  will 
be  triple ;  if  the  diftances  are  lixteen  times  as  great, 
the  velocity  will  be  quadruple,  and  fo  on.  And  more 
particularly  he  fhews  that  the  velocity  in  all  cafes  is 
fuch,  that  if  the  length  of  a  pendulum  be  taken  e- 
qual  to  the  diftance  of  the  waves,  thofe  waves  will  de- 
fcribe  a  fpace  equal  to  their  diftance  whilft  that  pen¬ 
dulum  performs  its  vibration.  And  therefore  if  the 
diftance  of  the  waves  be  39.2  inches,  they  will  de- 
fcribe  that  fpace  in  a  fecond  of  time ;  but  if  the  di¬ 
ftance  be  greater  or  lefs  than  39.2  inches,  the  fpace 
defcribed  in  a  fecond  of  time  will  be  augmented  or 
diminifhed  in  the  fubduplicate  proportion  of  that  by 
which  the  diftance  is  augmented  or  diminifhed. 

His  manner  of  making  out  thefe  conclufions  is  ve¬ 
ry  curious,  and  I  believe  I  might  render  it  fufficient^ 
ly  intelligible ;  but  fince  it  is  not  abfolutely  necefta- 
ry  to  my  purpofe,  I  rather  chufe  to  refer  you  to  his 
book.  That  which  more  immediately  belongs  to  our 
prefent  confideration,  is  the  velocity  of  founds,  and 
this  is  alfo  determined  a  priori,  from  its  caufes,  by 
the  fame  incomparable  philofopher.  The  train  of  rea- 
foning  which  he  makes  ufe  of  on  this  occafion  is  fo 
wonderfully  fubtile  and  requires  fo  very  clofe  an  at¬ 
tention,  that  I  think  it  not  proper  in  this  place  to 
enter  into  every  particular  of  it ;  and  it  may  perhaps 
be  fufficient  to  underftand  in  general  the  method  by 
which  he  proceeds. 

You  have  already  feen,  that  in  order  to  form  thofe 
undulations  which  are  requifite  for  the  conveyance 
of  founds,  every  particle  of  the  air  muft  be  moved 
forwards  and  backwards  by  turns,  within  a  certain 
very  fmall  fpace.  He  goes  on  yet  further,  and  fhews 
that  this  progreftive  and  regreflive  motion  is  not  uni¬ 
form,  but  is  by  degrees  accelerated  and  retarded ;  and 
in  particular  that  the  laws  by  which  this  acceleration 
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and  retardation  is  regulated,  are  exactly  the  fame 
with  thofe  to  which  the  motion  of  a  pendulum  is  fub- 

jed. 

This  being  demonftrated,  he  conceives  theatmo- 
fphere  to  be  reduced  to  fuch  an  uniform  ftate,  that  its 
denfity  in  every  part  of  it  may  be  the  fame  with  the 
derifity  of  the  air  at  the  furface  of  the  earth.  The 
height  of  the  atmofphere  fo  reduced,  you  remember, 
was  formerly  proved  to  be  about  5a  miles.  To  this 
height  he  imagines  a  pendulum  to  be  equal  in  length, 
and  then  making  his  enquiry  concerning  the  propor¬ 
tion  of  the  times  in  which  the  airy  particlesand  that 
pendulum  perform  their  refpedive  vibrations,  by 
comparing  the  fpaces  deferibed  and  the  forces  with 
which  they  are  deferibed  together,  he  finds  that  the 
time  of  the  particles  of  air,  is  to  the  time  of  the  pen¬ 
dulum,  as  thediftance  of  the  waves  of  air  from  each 
other,  or  the  latitude  of  the  pulfes,  is  to  the  circum¬ 
ference  of  a  circle  whofe  femidiameter  is  the  length 
of  the  pendulum,  or  that  height  of  the  atmofphere 
which  was  before  mentioned. 

Now  the  pulfes  by  going  forward  deferibe  a  fpace 
equal  to  their  latitude  in  the  time  that  each  particle 
of  the  air  performs  its  courfe. 

Therefore  the  time  in  which  the  pulfes  deferibe 
their  own  latitude,  is  to  the  time  in  which  the  pen¬ 
dulum  performs  its  vibration, going  forwards  and  re¬ 
turning  back  again,  as  the  latitude  of  the  pulfes,  is 
to  the  abovemen tioned  circumference. 

And  from  hence  he  deduces  this  conclufion  ;  that 
the  velocity  of  thefe  aery  pulfes,  or  which  is  the 
fame  thing,  the  velocity  of  founds,  is  of  fuch  a  quan¬ 
tity,  as  to  deferibe  a  fpace  equal  to  the  circumfe¬ 
rence  of  a  circle  whofe  femidiameter  is  the  height  of 
the  atmofphere,  in  the  time  that  a  pendulum,  whofe 
length  is  the  fame  with  that  height,  performs  its  vi¬ 
bration,  by  going  forwards  and  returning  back  a- 
gain.  Or  to  expreft  tlx?  fame  thing  by  a  iomewhat 
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different  but  eafier  manner,  that  the  velocity  of 
founds  is  equal  to  the  velocity  acquired  by  an  heavy 
body  in  falling  from  half  that  height  of  the  atmo- 
fphere,  fuppofed  to  be  of  the  fame  uniform  denfity 
in  all  its  parts. 

From  this  conclufion  he  proceeds  to  his  computa¬ 
tion,  and  after  all  due  allowances  are  made,  he  finds 
that  the  number  of  feet  which  founds  defcribe  in  a 
iecond  of  time,  is  1142;  which  agrees  with  the  molt 
exadf  obfervations.  And  this  again  is  another  full  and 
perfebt  proof,  that  the  air  alone,  and  not  any  other 
more  fubtile  fluid,  which  may  be  imagined  to  be  in- 
terfperfed  through  the  body  of  it,  is  the  proper  ve¬ 
hicle  of  founds. 

It  muff  indeed  be  confeffed,  that  thofe  who  have 
obferved  the  motion  of  founds,  have  not  always  a- 
greed  in  their  meafures  •,  but  then  their  dilagreement 
is  to  be  afcribed  to  a  want  of  exabtnefs  in  the  me¬ 
thods  they  ufed,  or  to  the  fmallnefs  of  the  diflances 
at  which  their  trials  were  made.  I  fhall  here  give  a 
relation  of  fome  obfervations  which  may  beft  be  de¬ 
pended  on. 

Caffini ,  Picard  and  Roemer ,  three  excellent  mem¬ 
bers  of  the  French  Academy  of  Sciences,  made  their 
experiment  at  the  diftance  of  about  a  mile  and  an 
half,  and  found  that  the  fpace  defcribed  in  a  fecond 
of  time  was  1172  feet.  The  Florentine  Academy  del 
Cimento  made  their  trial  at  the  diftance  of  about  3 
miles,  and  found  that  the  fpace  defcribed  in  a  fecond 
of  time  was  1148  feet.  Dr.  Halley  and  Mr.  Flamfteed , 
by  an  obfervation  made  at  the  fame  diftance  con¬ 
cluded  upon  1 142  feet.  And  this  laft  determination 
is  confirmed  by  the  moft  exadt  enquiries  of  the  Re¬ 
verend  Ts/lv.Derham  Rector  ofUpminfter  in  Effex-, 
and  Fellow  of  the  Royal  Society,  who  has  lately 
published  in  the  Philofophical  Tranfabtions,  a  par¬ 
ticular  treatife  upon  this  fubjebt ;  giving  an  account 
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of  feveral  obfervations  made  by  himfelf  with  the  ute 
moil  care  and  diligence,  for  the  fpace  of  three  years 
together,  at  various  diftances  from  one  mile  to  more 
than  twelve.  We  may  therefore  very  fafely  conclude* 
that  the  velocity  of  founds  is  of  fuch  a  quantity,  as 
to  defer  ibe  very  nearly  1142  feet  in  a  fecond  of  time* 
I  fay  very  nearly,  becaufe  it  is  certain  this  velo¬ 
city  may  be  a  little  augmented  or  diminifhed  by  fa¬ 
vouring  or  contrary  winds,  and  by  heat  or  cold,  not¬ 
withstanding  what  fome  philofophers  have  faid  to 
the  contrary.  It  is  very  well  known,  that  winds  are 
nothing  elfe  but  a  body  of  the  air  moved  forwards* 
with  a  diredl  progreftive  motion.  If  therefore  that 
body  of  air  be  moved  the  fame  way  with  the  pulfes 
of  found  contained  in  it,  the  pulfes  by  participating  of 
that  motion,  will  be  accelerated,  if  the  contrary  way, 
the  pulfes  will  be  retarded;  fo  that  the  velocity  of 
the  found  will  in  the  former  cafe  be  augmented,  in 
the  latter  be  diminifhed,  juft  fo  much  as  the  velocity 
of  the  wind  amounts  to. 

The  Florentine  Academy  and  fome  others,  who 
have  deftgnedly  made  experiments  for  this  purpofe* 
have  not  been  able  to  obferve  that  winds  had  any 
fenfible  influence  upon  the  velocity  of  founds  ;  and 
thence  it  came  to  be  generally  believed,  that  there 
was  not  any  the  leaf!  acceleration  or  retardation  upon 
that  fcore.  But  Mr.  Derham  has  at  length  undeceiv¬ 
ed  us.  He  affures  us,  that  by  many  certain  observa¬ 
tions  he  has  found  an  alteration  of  fwiftnefs,  which 
though  it  be  fmall,  is  yet  fuflidently  fenfible  in  thofe 
very  large  diftances  at  which  he  made  his  trials.  He 
tells  us  he  has  alfo  made  many  experiments  concern¬ 
ing  the  velocity  of  winds,  and  in  particular  he  fays, 
that  a  florm  fo  exceedingly  violent  as  almoft  to  over¬ 
turn  a  windmill,  which  flood  near  the  place  where 
he  made  hisobfervation,  was  found  by  many  repeat¬ 
ed  trials  to  move  not  above  66  feet  in  a  fecond* 
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Whence  it  is  eafy  to  underftand  that  more  moderate 
winds  can  caufe  but  a  very  fmail  change  in  the  velo¬ 
city  of  founds. 

Let  us  now  go  on  to  confider  the  effect  of  heat 
and  cold.  Since  by  heat  the  air  contiguous  to  the  fur- 
face  of  the  earth  is  expanded,  it  is  manifeft  that  the 
height  of  the  atmofphere,  fuppofed  to  be  every  where 
of  the  fame  denfity  with  this  contiguous  air,  will  be 
increafed  in  proportion  to  that  expanfion ;  and  there¬ 
fore  the  velocity  of  founds,  which  is  equal  to  the  ve¬ 
locity  acquired  by  an  heavy  body  in  falling  from  half, 
that  height,  will  be  increafed  in  a  fubduplicate  pro* 
portion  of  the  fame  expanfion.  And  the  like  maybe 
faid  as  to  the  effedt  of  cold,  namely,  that  the  veloci¬ 
ty  of  founds  will  thereby  be  diminifhed  in  a  fubdu¬ 
plicate  proportion  of  the  air’s  contraction. 

Hence  from  fome  obfervations  made  upon  the  ex¬ 
panfion  and  contraction  of  the  air  from  its  greateft 
degree  of  heat  in  our  climate,  to  its  greateft  degree 
of  cold,  I  find  that  the  middle  velocity  of  founds 
may  be  increafed  or  diminifhed  about  a  thirtieth  part 
of  the  w  hole ;  and  by  that  means  they  may  move  a- 
bout  38  feet  more,  or  fo  much  lefs  than  1142  feet  in 
afecond  of  time,  accordingly  as  the  feafon  is  ekher 
hot  or  cold  to  an  extremity  (a ). 

Mr.  Derham  tells  us  he  could  never  obferve  any 


(a)  By  Mr.  Haukjbee's  experiments  (Phil.  Tranf.  N°.  315  )  the 
proportions  of  the  greateft,  middle  and  leaft  expaniions  of  com¬ 
mon  air  in  this  climate,  are  exprefted  by  thefe  numbers,  144, 
13  5,  126,  which  are  as  thefe  numbers  32,  30^  28,  as  appears  by 
dividing  by  4,5.  Suppofmg  then  the  middle  height  of  the  uni¬ 
form  atmofphere  to  contain  30  equal  parts,  the  greateft  height 
will  be  32  and  the  leaft  28  fuch  parts.  Therefore  by  what  has 
been  faid  above,  the  middle  velocity  of  founds  will  be  increafed  in 
the  fubduplicate  ratio  of  30  to  32,  that  is,  in  the  ratio  of  30  to 
31  very  nearly;  which  increafe  is  of  the  middle  velocity,  or 
-V  of  1142  feet,  or  3  8  feet  in  a  fecond  of  time ;  and  fo  much  may 
the  middle  velocity  be  diminifhed. 
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change  of  velocity  occafioned  by  heat  or  cold,  but 
we  ought  not  from  thence  to  conclude,  againft  the 
theory,  that  there  is  none.  I  am  unwilling  toquefti- 
on  either  his  diligence  or  fidelity,  and  therefore  I 
choofe  rather  to  fay,  that  poffibly  at  the  times  when 
he  made  his  trials,  the  quality  of the  feafon  might  not 
be  very  intenfe,  and  confequently  the  change  might 
be  fo  fmall  as  to  efcape  his  obfervation  ;  which  may 
eafily  be  admitted,  fince  at  the  utmoft  it  amounts  but 
to  the  thirtieth  part  of  the  whole  velocity. 

What  he  further  adds  concerning  the  variation, 
of  the  height  of  the  mercury  in  the  barometer,  name- 
]y,  that  this  has  no  influence  upon  the  motion  of 
founds,  may  be  depended  on  with  more  fecurity ;  for 
this  is  alfo  confirmed  by  the  theory. 

It  is  certain  that  the  height  of  the  atmofphere,fup- 
fjofed  to  be  reduced  to  the  fame  ftate  of  denfity  with 
the  air  we  breath  in  here  below,  is  not  any  ways  al¬ 
tered  upon  thofe  variations  of  the  barometer.  For 
though  the  quantity  of  that  uniform  atmofphere  be 
often  changed,  yet  fetting  afide  the  confideration  of 
heat  and  cold,  the  denfity  of  it  is  always  changed  in 
the  fame  proportion,  and  therefore  the  height  of  it 
does  always  remain  unaltered  *,  and  confequently  the 
velocity  acquired  by,  falling  from  half  that  height, 
which  is  equal  to  the  velocity  of  founds,  does  alfo  re¬ 
main  unaltered. 

Hence  it  it  is  eafy  to  underfland,  that  the  tranf- 
miflion  of  founds  is  equally  fwift  through  a  rarer  or 
denier  air,  fuppofing  the  elafticity  of  it  to  be  aug¬ 
mented  or  diminifhed  in  the  fame  proportion  with 
its  denfity ;  which  always  comes  to  pafs,  excepting 
when  that  proportion  is  a  little  diflurbed  by  heat  or 
cold.  I  (hall  here  conclude  what  I  think  fufficient  to 
have  been  faid  concerning  the  propagation  of  founds. 
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l. 

LECTURE  XVI* 

Sr  fometimes  generated ,  fometimes  confumed ;  the  na¬ 
ture  of  factitious  airs ;  explofions  in  vacuo,  dilu¬ 
tions,  fermentations,  &c. 

Th  o  u  g  h  the  experiments  we  have  been  mak¬ 
ing  are  fufiicient  to  convince  us,  that  air  may 
in  very  great  quantities  be  produced  from  bodies 
which  fuffer  any  confiderable  alteration  in  the  tex¬ 
ture  of  their  parts,  whether  that  alteration  be  made 
by  almoft  infenfible  degrees,  as  in  putrefadions  and 
very  flow  fermentations,  or  whether  it  be  made  more 
fwiftly,  as  in  fome  diftblutions,  or  even  almoft  in- 
ftantaneoufty,  as  in  the  explofion  of  gunpowder; 
yet  for  the  wonderfulnefs  of  it,  I  fhould  have  added 
one  further  trial  made  fome  time  ago  by  Dr.  Stare, 
had  not  the  danger  of  it  deterred  me  from  attempt¬ 
ing  to  repeat  it.  His  own  account  of  the  experiment 
is  as  follows. 

44  We  took,  fays  he,  half  a  dram  of  the  oyl  ofca- 
44  rui-feeds  and  poured  it  into  a  little  gally-pot,  and 
44  put  a  dram  of  our  compound  fpirit  of  nitre,  in  a 
44  fmali  vial,  into  the  fame  gally-pot, and  placed  over 
44  it  a  glafs  that  held  three  pints  upon  Mr.  Papin’s 
44  exhaufting  engine;  and  having  foon  cleared  it  of 
44  the  air,  we  turned  up  the  vial  in  order  to  fee  what 
44  effecft  would  enfue,  in  the  vacuum,  upon  thismix- 
44  ture;  but  in  the  twinkling  of  an  eye  the  receiver 
44  was  blown  up,  and  the  mixture  in  a  dame,  which 
44  ftupendous  phenomenon  furprifed  and  frightened 
44  us  all.  Nor  did  I  ever  fee  or  hear  of  the  like  by  any 
44  mixtures  made  in  vacuo ,  though  I  have  my  felf 
44  feen  a  thoufand.  For  if  we  look  into  thofe  many 
€4  admirable  experiments  made  by  the  immortal  Mr. 
44  Boyle ,  the  removal  of  the  air  did  almoft  always 
44  extinguifn  light  and  fire  and  flame.  The  blowing 

44  up 
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«4  up  of  the  glafs  does  alfo  make  the  experiment  the 

44  more  aflonifhing,  and  puzzles  one  how  to  account 

44  for  fo  great  a  quantity  of  air  as  was  produced  from 

44  thefe  liquors,  which  amounted  only  to  a  dram  and 

44  an  half;  for  here  was  required  not  only  air  enough 

44  to  fill  up  the  capacity  of  the  veffel,  but  alfo  there 

44  was  required  fo  great  a  preffiire  within,  as  did  ex- 

44  ceed  that  great  incumbent  weight  of  air  that  preff- 

44  ed  upon  this  capacious  glafs  without,  whofe  dia- 

44  meter  was  fix  inches  and  the  depth  above  eight; 

44  for  otherwife  it  would  not  have  thrown  it  up  into 

44  the  air.  If  we  review  and  confider  well  the  phas- 

44  nomena  of  this  experiment,  we  may  find  the  re- 

44  fi fiance  of  fome  hundred  weight,  that  was  coun- 

44  tervailed,  and  not  only  fo,  but  with  a  much  greater 

44  force  exploded.  That  it  was  not  produced  by  any 

44  expanfion  of  the  common  air,  for  that  was  feen  to 

44  rife  out  of  the  liquors  themfelves  and  was  drawn 

44  out  of  them  in  their  feparate  flate  by  the  exhaufl- 

44  ing  engine,  which  fuffers  no  elaflical  air  to  lie  con- 

44  cealed  in  any  liquors.  That  it  was  produced  in  an 

44  inflant  by  the  mu  tual  collifion  and  agitation  of  thefe 

44  adlive  and  felf-expanding  liquors.  That  it  was  not 

44  abfolutely  generated  de  novo ,  but  that  the  air  was 

44  antecedently  there,  we  may  reafonably  believe,  al- 

44  though  in  a  very  differing  flate  from  what  it  is  in 

44  when  in  pleno.  For  all  that  the  exhaufling  engine 

44  does,  is  to  deliver  the  air  from  a  flate  of  compref- 

44  fion,  by  leaving  it  to  flretch  itfelf  like  a  bladder, 

44  that  has  full  liberty  to  fwell  up,  and  has  no  hard 

44  body  to  flraightenoroppofe  its  expanfion :  fo  that 

44  we  havecaufe  to  conclude  our  liquors  to  be  fur- 

44  nifhed  with  this  fort  of  air,  which  being  by  the 

44  accenfion  of  thefe  two  liquors  put  to  a  new  and 

44  violent  motion,  does  expand  itfelf  de  novo ,  and 

64  to  that  degree  as  to  anfwer  fo  great  an  effedlas  is 

44  above-mentioned.  The  circumilances  of  which 
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*c  phenomenon  will  allow  me  to  call  this  mixture  a 
fort  of  liquid  gun-powder”.  Thus  far  Dr.  Slave. 

I  lhall  now  proceed  to  give  you  an  account  of  thofe 
curious  and  ufeful  obfervations  of  Mr.  Boyle ,  which 
make  up  the  fecond  Continuation  of  his  Phyfico-Me- 
chanical  Experiments.  Thefe  being  the  belt  and  al- 
moft  only  trials  which  have  yet  been  made  concern¬ 
ing  factitious  airs,  are  very  proper  to  give  us  what 
further  light  may  be  had  concerning  their  nature  and 
properties.  I  lhall  endeavour  to  make  my  extraCt  as 
fhort  as  conveniently  I  can,  that  it  may  not  be  too 
tedious.  Thofe  who  are  defirous  to  fee  the  particu¬ 
lars  of  each  experiment,  may  confult  the  book  itfelf 
at  their  leifure  with  greater  advantage. 


Article  i.  Several  ways  ufed  to  help  the  production 

of  air . 

Bread  by  itfelf  does  not  readily  produce  any  air  in 
vacuo ,  but  being  very  much  moiftened  and  a  little 
kneeded,  it  yields  a  fufficient  quantity ;  and  thence 
it  was  concluded,  that  water  is  a  fit  diffolvent  to  draw 
forth  air  out  of  bread.  The  experiment  was  alfo  tri¬ 
ed  by  burning  it  in  vacuo  with  a  burning-glafs,  and 
by  this  means  much  air  was  generated,  which  did  e~ 
ver  and  anon  break  out  as  by  fulmination.  And  from 
thefe  trials  it  was  thought  probable,  that  the  air  con¬ 
tained  in  bread  is  fo  clofely  confined,  that  no  eafy 
operation  can  give  it  a  full  difcharge ;  but  if  any 
thing  could  diffolve  and  loofe  that  knot,  it  might 
then  produce  great  effects. 

Dried  grapes  bruifea  and  put  into  water,  being 
included  in  a  receiver  produced  much  more  air  than 
others  without  water.  It  appears  therefore,  that  wa¬ 
ter  is  a  fit  medium  to  elicit  air  out  of  them  ;  but  it 
wasobferved,  that  the  production  of  air  did  not  begin 
prefently  upon  the  affufion  of  water,  but  that  it  pro¬ 
ceeded  on  with  greater  fwiftnefs  after  the  parts 

of 
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of  the  water  in  five  or  fix  days  time  had  more  deep¬ 
ly  funk  into  and  pervaded  the  grapes. 

Pears  were  included  in  two  different  receivers  in 
vacuo ,  and  it  was  found  that  in  one  of  them,  which 
was  expoftd  to  the  rays  of  the  fun,  much  more  air 
was  generated  in  the  fame  time  than  in  the  other. 
Whence  it  was  conjectured,  that  the  production  of 
air  is  very  much  promoted  by  the  heat  of  the  fun. 

Bruifed  grapes  in  vacuo  with  fpirit  of  wine  pro¬ 
duced  more  air  than  without  that  fpirit.  Whence  it 
appeared,  that  fpirit  of  wine  doth  advance  the  pro¬ 
duction  of  air  from  bodies  included  in  vacuo  ;  though 
by  other  experiments  it  appears,  wholly  to  hinder 
that  production  from  bodies  included  in  common 
air. 

From  experiments  made  with  apples  both  boiled 
and  raw,  both  with  fugar  and  without  it,  in  larger 
and  ffnaller  receivers,  it  was  concluded  that  fugar, 
the  crudity  of  the  fruit,  and  the  largenefs  of  the  re¬ 
ceiver  do  ail  contribute  to  the  production  of  air. 

Art.  ii.  Several  ways  to  hinder  the  production  of 

air . 

Pafte  made  with  bread-corn-meal,  without  leaven, 
was  put  into  an  empty  receiver,  and  afterwards  the 
receiver  was  placed  in  a  certain  apartment  with  a 
good  fire  in  it,  yet  the  pafte  produced  no  air  in  ten 
hours  fpace.  Hence  it  was  thought,  that  if  pafte  hath 
once  fuffered  too  much  cold,  it  can  fcarce  recover  its 
faculty  of  fermenting.  For  at  another  time  pafte 
made  without  leaven  in  the  fummer  feafon,  produ¬ 
ced  very  much  air  in  a  fhort  time  in  vacuo . 

Dough  kneeded  with  leaven  had  a  quantity  of 
fpirit  of  wine  poured  upon  it,  to  try  whether  fermen¬ 
tation  would  be  hindered  by  that  means,  and  it  was 
concluded  by  the  event,  that  the  fpirit  did  hinder  the 
production  of  air* 
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By  fome  trials  upon  pears  it  was  collected,  that 
Fruits  included  in  a  receiver,  with  very  much  com- 
preffed  air  in  it,  cannot  produce  fo  great  a  quantity 
of  factitious  air  as  in  a  medium  lefs  denfe.  It  was  al- 
fo  further  collected  that  artificial  air  is  fometimes 
produced  by  iterated  turns,  and  as  it  were  by  reci¬ 
procations,  and  that  the  changes  of  heat  and  cold, 
though  they  are  not  the  foie  caufes  of  fuch  recipro¬ 
cations,  yet  feem  to  contribute  much  thereunto. 

The  fame  things  were  concluded  from  experi¬ 
ments  made  with  pafte.  Raifms  of  the  fun  fteeped 
in  vinegar,  were  placed  in  an  emptied  receiver,  and 
it  was  thereby  found,  that  vinegar  was  an  hindrance 
to  fermentation  and  the  production  of  air. 

Plums  and  apricots,  many  of  them  being  cut  a- 
funder,  were  placed  in  two  receivers,  in  one  of  which 
was  air  produced  from  cherries,  and  in  the  other 
common  air ;  and  it  was  found  by  this  experiment, 
that  the  artificial  air  of  cherries  was  a  great  hin¬ 
drance  to  the  apricots,  that  they  could  not  produce 
air ;  yet  notwithftanding,  it  was  thought  to  advance 
the  alteration  of  their  colour  and  firmnefa,  and  to  be 
good  to  preferve  their  tafte. 

Grapes  included  in  common  air  with  fpirit  of  wine 
and  without  it,  fhewed  that  in  common  air  the  fpi¬ 
rit  of  wine  doth  hinder  fermentation  ;  though  by  o- 
ther  experiments  it  was  found  to  promote  it  in  vacuo , 

Some  peaches  were  included  in  an  exhaufted  re¬ 
ceiver,  and  together  with  them  fome  fpirit  of  wine, 
which  could  not  touch  the  peaches  unlefs  it  were  e- 
levated  in  the  form  of  vapours.  A  like  quantity  of 
peaches  was  alfo  included  in  another  unexhaufted  re¬ 
ceiver  without  fpirit  of  wine.  And  it  was  found  by 
this  experiment,  that  the  very  vapours  of  fpirit  of 
wine,  do  fornewhat  hinder  fermentation  and  the  pro¬ 
duction  of  air-,  but  much  lefs  than  the  fpirit  itfelf. 

From  experiments  made  upon  pafte  with  leaven 
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and  without  it,  with  fpirit  of  wine  ami  Without  it,  it 
was  concluded,  that  leaven  doth  rather  hinder  than 
help  the  produdion  of  air,  if  the  pafte  be  not  made 
in  a  place  hot  enough  *,  and  that  fpirit  of  wine  doth 
very  much  prejudice  the  produdion  of  air,  and  the 
rather  if  the  pafte  be  wrought  with  the  ferment  *  and 
moreover  that  pafte  without  ferment  in  trad  of  time 
will  produce  no  lefs  air  than  pafte  with  ferment. 

New  ale  was  included  in  a  receiver  exadly  filled 
that  fo  no  air  might  be  left,  and  another  quantity  of 
the  fame  ale  was  included  in  another  receiver  where¬ 
in  fome  room  was  allowed  for  the  air ;  and  from  the 
experiment  it  feemed  to  follow,  that  ale  if  the  air  be 
excluded  from  the  vefiel,  will  ferment  more  flowly 
than  if  fome  air  were  left  in  •,  yet  in  trad  of  time* 
it  makes  a  greater  compreftion  if  no  place  be  left  for 
its  dilatation. 

Green  peafe  in  an  emptied  receiver  with  fpirit  of 
wine  and  without  it,  ftiewed  that  fpirit  of  wine  doth 
hinder  the  produdion  of  air  from  peafe. 

Art.  hi.  The  effects  of  artificial  air  are  different 
from  the  effects  of  common  air. 

From  two  experiments  made  upon  cherries  it  was 
concluded,  that  in  artificial  air  fruits  do  produce 
lefs  air,  and  fo  they  keep  their  colour  and  their  tafte 
better:  it  was  alfoobferved,  that  cherries  do  contain 
much  air  in  them,  and  that  they  produce  it  very  ir¬ 
regularly. 

A  trial  was  made  with  unripe  grapes  in  common 
air  and  in  faditious  air  produced  from  pears,  and  it 
was  from  thence  concluded  that  faditious  air  was  fit 
to  alter  the  colour  of  fruit  and  to  preferve  its  tafte. 

A  mixture  of  common  air  and  air  produced  from 
cherries,  was  found  to  preferve  oranges  better  than 
common  air  alone. 

Two  pieces  of  beef  were  placed  in  different  re- 

ceivers* 
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ceivers,  in  one  of  which  was  common  air,  in  the  o- ' 
ther  cherry-air  *  and  it  was  concluded  from  the  com- 
parifon  of  the  events,  that  cherry-air  is  a  great  hin¬ 
drance  to  the  production  of  air  from  fielli. 

Two  onions  were  put  into  a  receiver  full  of  com¬ 
mon  air,  to  fee  whether  vegetation  would  increafe 
the  quantity  of  air  or  diminifh  it.  Two  other  onions 
were  put  into  a  receiver  with  air  produced  from 
pafte ;  and  it  was  gathered  from  the  event,  that  ar¬ 
tificial  air  doth  not  at  all  hinder  vegetation,  and  that 
not  only  the  fenfible  bignefs  of  the  body,  but  alfo 
the  quantity  of  air  is  increafed  by  vegetation. 

Unripe  grapes  were  included  in  common  air  and 
in  factious  air  of  pears;  and  the  comparifon  con¬ 
firmed  the  efficacy  of  artificial  air  to  alter  the  colour 
of  fruits.  But  it  was  obferved  in  this  experiment, 
that  it  prejudiced  the  prefervation  of  tafle,  and 
promoted  the  proclu&ion  of  air,  contrary  to  what 
had  happened  in  fome  of  the  former  experiments. 

Gillifiowers  were  included  in  three  different  re¬ 
ceivers,  one  of  which  was  exhaufled,  another  had 
common  air  in  it,  and  the  third  contained  artificial 
air  of  pafte ;  and  it  was  obferved  that  factitious  air 
fenders  the  change  of  colour  more  fpeedy,  yet  it  pre¬ 
vents  mouldinefs  even  as  a  vacuum  doth  the  fame. 

From  an  experiment  made  in  two  receivers  with 
common  air  and  with  artificial  air  of  cherries,  it  was 
found,  that  the  alteration  of  colour  and  firmnefs  in 
apricots  is  promoted  by  cherry-air,  and  that  fome 
.  part  of  fuch  air  is  deftroyed  in  the  beginning. 

Plums  cut  afunder  were  put  in  three  different  re¬ 
ceivers,  the  one  exhaufted,  another  full  of  goofber- 
fy-air,  the  third  full  of  common  air ;  and  by  this 
experiment  artificial  air  feemed  to  have  promoted 
alteration. 
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Some  peaches  were  put  into  a  receiver  with  com¬ 
mon  air  mixed  with  air  produced  from  grapes,  and 
the  grapes  themfelves  were  included  in  the  fame  re¬ 
ceiver,  that  the  common  air  might  be  the  better  fa- 
turated  with  the  artificial ;  and  from  the  circum- 
Itances  of  this  experiment  it  was  concluded,  that 
common  air  doth  corrupt  bodies,  yet  it  doth  fo  much 
lefs,  if  it  be  mixed  with  factitious  air. 

Equal  parts  of  pears  cut  afunder  were  placed  in 
four  different  receivers,  one  of  which  was  full  of 
common  air  clofed  up,  another  was  full  of  common 
air  but  not  exaddy  clofed,  another  contained  cherry 
air,  and  the  laft  was  evacuated.  It  was  obferved,  that 
corruption  doth  not  begin  in  free  air  fooner  than  in 
included  air ;  but  when  it  is  begun,  it  is  much  more 
increafed  and  more  fpeedily,  the  included  air  feem- 
ing  to  be  fooner  fatiated.  The  aptitude  of  artificial 
air  for  the  foftning  of  fruits  was  alfo  obferved.  And  it 
feemed  probable,  that  the  production  of  air  was  here 
promoted  by  the  artificial  air,  though  it  had  fuc- 
ceeded  otherwife  with  apricots  in  the  other  trials. 

Apricots  were  included  in  four  different  receiv¬ 
ers,  one  had  common  air  and  was  clofed,  another 
had  common  air  but  was  left  open,  the  third  had  a 
mixture  of  air  produced  from  pears,  the  fourth  con¬ 
tained  common  air  but  pretty  much  compreffed.  It 
was  from  hence  concluded,  that  the  quantity  of  cor¬ 
ruption  doth  depend  on  the  quantity  of  air,  and  al¬ 
fo  that  in  factious  air  alteration  is  made  quicker, 
but  in  trad:  of  time  the  corruption  is  far  greater  in 
common  air. 

Art.  iv.  d’he  effects  of  compreffed  air  are  different 
from  the  effects  of  common  air . 

Onions  fet  to  grow  in  common  and  condenfed  air, 
fhewed,  that  a  little  compreffion  doth  not  prejudice 
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thofe  bodies  which  are  to  be  expanded  by  vegeta¬ 
tion. 

Tulips  and  lark-fpurs  placed  in  common  and  con- 
den  fed  air  fhewed,  that  compreffion  in  fome  plants 
doth  hinder  putrefaction  and  moulding. 

The  two  halfs  of  an  orange  were  included  in  com¬ 
preffed  and  common  air;  and  it  was  confirmed  by 
this  experiment,  that  compreffed  air  may  fomewhat 
retard  corruption,  yet  in  progrefs  of  time  it  was  made 
probable  by  other  experiments,  that  the  quantity  of 
corruption  doth  depend  upon  the  quantity  of  air. 

Equal  quantities  of  rofes  were  included  in  com¬ 
mon  and  compreffed  air  ;  and  from  hence  it  feemed 
to  follow,  that  compreffed  air  is  fomething  fitter  for 
the  alteration  of  colour  than  common  air. 

The  two  halfs  of  an  orange  were  again  included 
in  common  and  compreffed  air;  and  from  the  cir- 
cumftances  of  the  experiment  it  was  concluded,  that 
the  quantity  of  mouldinefs  doth  depend  on  the  quan¬ 
tity  of  air. 

Two  mice  were  included  in  common  and  com- 
preffed  air ;  and  it  was  found  that  the  moufe  in  th$ 
common  air  had  confumed  fomething  of  that  air* 
By  comparing  the  times  they  each  lived  under  their 
confinement,  it  was  judged  that  compreffed  air  was 
fitter  than  common  air  for  the  prolongation  of  life; 
but  it  is  to  beobferved  that  this  compreffion  was  not 
very  great. 

The  experiment  was  tried  with  flies,  and  they 
feemed  not  to  be  fenfible  of  a  fmall  compreffion,  nor 
indeed  are  they  much  prejudiced  by  a  rarefaction 
pf  the  air,  unlefs  there  be  an  almofl  compleat  va¬ 
cuum. 

The  experiment  was  made  alfo  with  frogs,  but 
nothing  could  with  certainty  be  concluded  from  it. 

Another  trial  like  the  former  was  made  with  a 
differed  orange,  and  it  was  again  confirmed,  that 
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the  quantity  of  mouldinefs  doth  depend  on  the  quan¬ 
tity  of  air.  But  it  was  obferved,  that  the  mouldinefs 
did  appear  a  little  later  in  the  compreflfed  air  than 
in  the  common,  though  afterwards  itincreafed  much 
more. 

The  like  was  again  concluded  by  experiments 
made  upon  rofes,  the  parts  of  a  limon  and  upon 
gilliflowers. 

A  moufe  was  put  into  a  receiver  with  common  air, 
only  to  try  whether  he  would  produce  or  confume 
air.  From  the  event  it  was  concluded,  that  living  a- 
nimals  confume  air,  but  dead  ones  produce  it. 

Pears  of  the  fame  fort  were  included  in  compreflf- 
ed  air,  in  common  air  and  in  vacuo ;  and  it  feemed 
to  follow  from  the  event,  that  in  a  great  compreffion 
a  lefs  quantity  of  air  is  produced. 

From  fome  other  experiments  made  upon  ani¬ 
mals,  it  was  found  that  a  very  great  compreffion  of 
air  is  noxious  and  even  mortiferous  to  them. 

Art.  V.  ' The  effects  of  artificial  air  upon  animals. 

A  bee,  with  diftilled  vinegar  and  pulverized  co¬ 
ral,  were  put  into  a  receiver,  and  the  air  being 
wholly  exhaufted,  matters  were  fo  ordered  that  the 
coral  fell  down  into  the  glafs  of  vinegar.  But  the  air 
produced  from  thence,  did  notreftore  any  power  of 
motion  to  the  bee ;  but  when  fhe  was  expofed  to  the 
open  air,  in  a  little  time  fhe  began  to  move  herfelf. 
Hence  it  was  fufpedted  that  artificial  air  is  unfit  for 
the  life  of  animals. 

Two  flies  were  included  in  a  receiver  out  of  which 
the  common  air  being  exhaufted,  fome  goofberry- 
air  was  made  to  fuppiy  its  place.  Afterwards  two  o- 
ther  flies  were  included  in  vacuo ,  but  with  this  dif¬ 
ference,  that  common  air  was  reftored  to  thefe  lat¬ 
ter  flies.  The  event  was,  that  the  latter  flies  reco¬ 
vered 
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vered  thereby  their  power  of  motion,  Which  they 
had  loft  in  vacuo ,  but  the  former  in  the  factitious  air 
remained  irrecoverably  dead.  The  experiment  was 
repeated  with  the  fame  fuccefs  *,  and  this  was  thought 
to  be  an  high  confirmation  that  artificial  air  is  noxi¬ 
ous  to  the  life  of  animals. 

Three  receivers  being  filled  with  air  produced 
from  pafte,  a  perfumed  cone  was  kindled  and  put 
into  one  of  them,  which  being  flopped,  the  fire  with¬ 
in  a  minute  of  time  went  out.  Then  by  blowing  with 
pair  of  bellows,  the  artificial  air  was  expelled  from 
the  receiver,  and  the  fire  was  again  put  into  it  as  be¬ 
fore,  and  now  it  burned  bright  for  a  pretty  long 
time,  though  the  receiver  was  fhut  as  fpeedily  and 
as  accurately  as  before.  Into  the  fecond  receiver  a 
fly  was  put,  and  prefently  feemed  to  be  dead,  but 
being  expofed  to  the  fun,  fhe  recovered  again  in  a 
fhort  time.  Then  common  air  being  blown  into  the 
receiver,  the  fly  included  as  before  buffered  no  in¬ 
convenience  thereby.  The  fame  experiment  was  tri¬ 
ed  with  the  fame  fly  in  the  third  receiver,  being  fill¬ 
ed  with  artificial  air,  and  the  fame*  fuccefs  followed, 
excepting  that  the  fly  being  now'  longer  included, 
could  not  fo  foon  as  before  be  recovered  to  health  a- 
gain.  Hence  it  appeared  that  artificial  air  is  not  on¬ 
ly  prejudicial  to  the  life  of  animals,  but  to  flame 
alfo. 

Several  other  fuch  experiments  were  tried  with  va¬ 
rious  animals,  from  whence  it  was  concluded  as  be¬ 
fore,  that  factitious  air  is  very  hurtful  to  their  life*, 
but  if  mixed  with  common  air  it  doth  not  fo  readi¬ 
ly  produce  its  effects  *,  it  appearing  to  be  fo  much 
the  more  hurtful  as  it  is  the  more  free  from  that  mix¬ 
ture.  It  was  alfo  made  evident,  that  factitious  air  is 
a  greater  enemy  to  animals  than  a  vacuum  itfelf,  and 
thence  it  was  collected  that  it  kills  by  feme  vene- 
mous  quality,  and  not  only  by  the  defect  of  cpm- 
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mon  air.  Air  produced  from  cherries  was  found  to 
be  fomewhat  lefs  hurtful  to  frogs  than  that  produced 
from  pafte;  air  produced  from  goofberries  lefs 
hurtful  to  mice  than  air  produced  from  gun- pow¬ 
der  ;  air  produced  from  peafe  lefs  hurtful  to  fnails 
than  air  produced  from  pafte. 


Art.  VI.  Animals  in  vacuo . 

A  butterfly  being  put  into  an  emptied  receiver 
was  almoft  three  hours  before  it  was  deprived  of  its 
faculty  of  motion.  Then  the  air  being  let  in,  it  re¬ 
covered  itfelf  again.  After  this  it  was  bound  by  one 
of  its  horns  with  a  thread,  and  fo  it  was  fufpended 
in  the  receiver,  and  it  was  carried  very  freely  from 
one  part  of  it  to  another  by  clapping  its  wings;  but 
after  the  air  was  extradted  again,  the  clapping  of  its 
wings  was  in  vain,  for  it  could  not  move  the  thread 
in  the  leaft  from  being  perpendicular. 

By  an  experiment  made  upon  flies  in  very  much 
rarefied  air,  it  was  concluded  that  a  fmall  quantity 
of  air  may  fufflce  for  infedts  to  breath  in. 

Snails  were  included  fo  long  in  vacuo  till  they 
feemed  to  have  loft  all  power  of  motion,  and  in  that 
ftate  they  produced  fome  air,  though  they  were  not 
fo  perfedtly  dead  as  to  be  paft  recovery. 

FJy-blowings  or  the  eggs  of  flies  were  placed  un¬ 
der  a  receiver  in  air  much  rarefied,  and  it  was  found 
by  the  event,  that  infedts  may  be  produced  a«nd  may 
live,  if  not  in  vacuo ,  yet  at  leaft  in  highly  rarefied 
air. 

By  another  experiment  of  the  like  nature  it  was 
concluded,  that  infedts  could  not  be  generated  and 
live  in  vacuo ,  though  they  might  in  rarefied  air ; 
which  thing  was  alio  confirmed  by  a  farther  experi¬ 
ment. 
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Vinegar  full  of  thofe  very  fmall  eels  which  may 
be  difcovered  in  it  by  microfcopes,  was  for  fome- 
time  included  in  vacuo ,  and  another  part  of  the  fame 
vinegar  was  kept  in  the  open  air ;  the  eels  which 
had  been  kept  in  vacuo  were  all  found  to  be  dead, 
though  the  others  in  the  open  air  were  as  brifk  as  at 
firft.  Hence  it  was  evident,  that  even  thofe  very  di-  • 
minutive  animals  are  alfo  atTected  with  the  prefence 
and  abfence  of  the  air. 

Art.  VII.  Contains  fome  experiments  concerning  the 
confumption  of  fuel  by  fire  in  comprejfed  air . 

It  was  concluded  from  thofe  experiments,  that  the 
quantity  of  matter  confumed  in  a  given  fpace  of 
time  did  nearly  anfwer  to  the  quantity  of  compreff- 
ed  air. 


Art.  VIII.  Fire  ufed  to  produce  air . 

Paper  befmeared  with  fulphur  was  burnt  in  va¬ 
cuo  >  and  fome  air  was  thereby  produced,  which  was 
not  at  all  diminifhed  for  two  whole  days.  This  air 
was  afcribed  to  the  paper,  for  it  was  found  by  other 
trials,  that  no  air  is  produced  out  of  fulphur  alone. 

Some  air  was  produced  from  harts-horn  burnt  in 
vacuo ,  but  part  of  this  air  was  in  a  fhort  time  de~ 
ftroyed  again,  and  the  other  part  which  preferved 
its  elaiticity  for  a  full  hour  after  the  burning-glafs 
was  removed,  feemed  afterwards  not  to  lofe  it  at 
all. 

Amber  produced  no  air  even  by  being  burnt. 

Camphire  in  vacuo  was  placed  over  a  digefting 
furnace,  and  though  it  was  fubiimated  into  dowers* 
yet  no  air  was  produced. 

Sulphur  vivum  was  melted  in  vacuo  by  a  bum- 
ing-glafs  •,  but  the  fumes  of  it  did  not  appear  to  con¬ 
tain  any  air,  O  3  Paftc 
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Pafte  that  had  been  included  in  vacuo  for  nine 
days  and  feemed  to  have  emitted  all  its  air,  was  en¬ 
deavoured  to  be  fired  with  a  burning  glafs.  Thefub- 
fiding  fumes  had  tinged  the  furface  of  the  pafte 
with  a  curious  yellow  colour,  and  it  was  conjedtured 
that  fome  air  was  produced. 

Art.  IX.  Concerning  the  production  of  air  in  vacuo. 

Dried  grapes  and  dried  figs  were  placed  in  vacuo , 
and  it  was  concluded  from  the  event,  that  dried 
fruits  in  vacuo  produce  very  little  air. 

Apricots  appeared  to  produce  their  air  almoft  as 
eafiiy  in  their  wonted  preflure  as  in  vacuo . 

By  comparing  the  events  of  cherries  in  vacuo , 
when  whole  and  when  difledled,  it  was  concluded, 
that  fome  difledled  fruits  do  fooner  produce  their  air 
than  whole  and  undivided  ones. 

Cabbages  cut  in  pieces  were  put  into  an  emptied 
receiver,  and  it  was  thought  from  the  circumftances 
of  the  experiment,  that  bodies  when  they  putrify, 
have  already  produced  almoft  all  their  air. 

The  fame  was  confirmed  by  another  experiment 
made  upon  apples. 

Two  equal  quantities  of  milk  were  put  into  two 
glafs  receivers  of  equal  bignefs ;  the  one  was  left  in 
the  free  air,  the  other  was  evacuated.  And  it  was 
obferved,  firft,  that  the  coagulation  of  milk,  when 
the  air  is  extracted  therefrom,  is  fomewhat  retard¬ 
ed.  Secondly,  that  the  butter,  whey  andcheefeare 
mixed  with  one  another  confufedly  in  the  air,  but  in 
vacuo  they  keep  their  diftindl  places,  and  one  fwims 
upon  the  top  of  the  other.  Thirdly,  that  the  putre- 
iadlion  of  milk  is  hindered  or  very  much  retarded 
in  vacuo .  Laftly,  that  milk  by  long  continuance  in 
vacuo9  is  made  unfit  to  generate  worms*  even  in  com* 
mon  air. 
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A  like  experiment  was  made  with  urine.  By  com¬ 
paring  the  quantity  of  air  produced  in  this  experi¬ 
ment,  with  that  produced  in  the  former,  it  feemed, 
that  urine,  which  is  an  excrementitious  humour,  con¬ 
tains  lefs  air  in  it  than  milk  which  is  an  alimental 
humour.  And  moreover  the  efficacy  of  the  air  to 
corrupt  urine  was  here  very  obfervable. 

Pafte  very  much  diluted  and  without  leaven,  be¬ 
ing  put  into  a  glafs  vefiel,  was  placed  in  an  emptied 
receiver,  and  though  the  vefiel  which  contained  it 
were  not  half  full  before  all  the  air  was  exhaufted, 
yet  the  fame  day  the  pafte  had  fwollen  above  the 
brims  of  the  vefifel.  The  next  day  the  pafte  continu¬ 
ed  to  fwell  more  and  more,  and  was  interfperfed 
with  many  cavities.  The  third  day  the  pafte  was 
much  more  tumid  than  before,  and  much  air  was  ge¬ 
nerated  from  it.  The  fourth  day  in  the  morning  the 
cover  was  found  to  befeparated  from  the  receiver  by 
the  force  of  the  produced  air,  and  fome  of  the  pafte 
was  fpread  above  the  edges  of  the  receiver,  yet  its 
fwelling  was  fomewhat  abated.  In  the  afternoon  its 
tumidnels  was  much  more  abated,  yet  it  took  up 
twice  more  room  than  it  did  before  it  was  put  into 
the  receiver.  The  tafte  of  it  was  not  acid,  and  it  was 
thought  that  bread  thus  made  was  very  light. 

A  quantity  of  beef  was  put  into  an  exhaufted  re¬ 
ceiver,  and  it  was  concluded  from  the  event,  that 
fieffi,  whilft  it  putrifies,  doth  produce  much  more 
air  than  before  it  putrifies,  though  the  contrary  was 
before  obferved  of  fruits. 

From  an  experiment  made  upon  goofberries  it 
feemed  to  follow,  that  thefe  fruits  after  they  have 
produced  all  their  air,  admit  very  little  alteration* 
as  if  that  air  itfelf  were  the  caufe  of  corruption. 

By  an  experiment  made  upon  dried  plums  it  was 
confirmed,  that  dried  fruits  are  very  unfit  to  pro¬ 
duce  air. 
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A  trial  was  made  with  nut-kernels,  and  it  appear¬ 
ed,  that  air  may  without  fenfible  putrefaction  be 
produced  from  fruits  even  of  an  hard  confidence. 

Art,  X.  Concerning  the  production  of  air  above  its 

wonted  prejfure . 

An  experiment  made  with  goofberries  feemed  to 
prove,  that  goojfberries  contain  much  air  in  them, 
which  as  loon  as  it  is  treed  from  the  ufual  preffure, 
doth  more  readily  break  forth  than  when  it  is  re¬ 
ft  rained  by  feme  ambient  air,  until  the  goofberries 
begin  to  be  fermented  ;  for  then  air  is  produced  in 
a  far  larger  quantity,  even  in  a  great  compreffion. 

An  experiment  made  with  pafte  feemed  to  prove, 
that  air  may  be  produced  out  of  pafte  in  comprefTed 
air  as  well  as  in  vacuo . 

Horfe-beans  contain  much  air,  which  they  pro¬ 
duce  very  irregularly,  both  in  vacuo  and  under  a 
moderate  preffure. 

Goofberries  produce  their  air  regularly  enough  un- 
lefs  fomething  be  extracted  out  of  the  receiver,  for 
then  they  acquire  ftrength  to  produce  new  air  more 
fpeedily. 

Grapes  produce  not  all  their  air  but  in  a  long  traft 
of  time. 

Pears  feemed  to  produce  their.air,  as  it  were  by 
paroxyfms  or  fits. 

Art.  XI.  Various  experiments . 

Melted  lead  and  melted  tin  produced  no  air  i n  va¬ 
cuo.  It  was  obferved  by  the  way,  that  the  fur  face  of 
thefe  melted  metals  which  were  included  in  a  brafs 
yeffel,  was  concave  in  vacuo  after  concretion,  though 
in  thg  common  air  it  be  convex. 
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Water  faturated  with  fait  was  placed  in  vacuo,  to 
try  whether  it  would  there  be  converted  into  cry- 
ftals,  as  is  ufual  in  the  free  air,  but  it  was  found  it 
would  not. 

Air  produced  from  goofberries  was  put  into  an 
evacuated  receiver  furnifhed  with  a  mercurial  gage. 

It  was  found  that  in  the  fpace  of  half  a  year,  no 
change  was  made  in  the  height  of  the  mercury,  and 
confequently  the  fpring  of  this  factitious  air  was  not 
altered  in  fo  long  a  time, 

A  vial  capable  of  containing  7  ounces,  5  drams 
and  3  grains  of  water,  was  exhaufted  of  its  air  and 
weighed  ;  then  the  bladder  which  covered  its  orifice 
was  pierced  with  a  needle,  and  thus  being  filled  with 
air  again,  it  was  found  to  be  4I  grains  heavier  than 
before,  whence  it  followed  that  water  was  about  800 
times  more  ponderous  than  an  equal  bulk  of  air. 

Aqua-fortis  with  fixt  nitre  were  placed  in  a  re¬ 
ceiver,  which  being  exhaufted,  the  one  was  poured 
into  the  other,  and  much  air  was  thereby  produced. 

Spirit  of  wine  was  found  to  be  very  fenfibly  con- 
denfed  by  a  moderate  degree  of  cold,  but  not  at  ail 
by  a  very  great  compreftion. 

Spirit  of  wine  and  oil  of  turpentine  were  cleanfed 
of  air,  then  a  quantity  of  the  fpirit  of  wine  being 
put  into  a  glafs,  fome  drops  of  the  oil  of  turpentine 
were  fuperadded  to  it,  which  fwi turning  upon  the 
fpirit,  were  whirled  about  as  is  ufual  by  an  odd  mo¬ 
tion.  Afterwards  the  veftel  was  placed  in  an  exhaufb 
ed  receiver,  and  though  no  ebullition  was  made,  nor 
any  bubbles  appeared,  yet  the  drops  continued  to 
be  moved  in  vacuo  as  in  the  open  air.  Hence  it 
feemed  to  follow,  that  the  caufe  of  the  motion  of 
the  drops  is  not  to  be  afcribed  to  the  diflblution  of 
them,  for  all  diffplutions  myacuQ  are  wont  to  pro¬ 
duce  bubbles. 
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A  glafs  containing  fpirit  of  fal-armoniac  and  the 
filings  of  copper  was  placed  in  vacuo .  In  a  month’s 
time  the  blew  colour  given  to  the  fpirit  by  the  cop¬ 
per  was  almoft  quite  vanifhed,  but  upon  the  admif- 
lion  of  the  air  it  quickly  returned. 

A  mixture  of  aqua-fortis  and  fpirit  of  wine  was  di- 
ftributed  equally  into  three  glaffes,  into  which  three 
equal  pieces  of  iron  were  put.  One  of  thefe  veffels 
being  included  in  vacuo ,  a  great  many  ebullitions 
were  made  in  it.  After  a  quarter  of  an  hour  the  vef- 
fel  was  taken  out  again,  and  the  liquor  was  found  to 
be  black  and  turbid,  whereas  the  other  two  veffels 
had  their  liquor  not  altered  in  colour,  but  only  fome 
black  powder  did  appear  at  the  bottom  of  them. 

Spirit  of  fal-armoniac  with  filings  of  copper  were 
again  placed  in  vacuo ,  and  after  the  fpirit  had  ceafed 
to  emit  any  bubbles,  the  filings  were  mixed  there¬ 
with,  which  caufed  many  bubbles  to  break  forth  a- 
gain  ;  but  they  were  fo  far  from  producing  any  air, 
that  on  the  contrary  they  confumed  that  which  was 
there  before. 

Art.  XII.  Artificial  air  deftroyed. 

Air  produced  from  cherries  was  tranfmitted  into 
a  receiver  full  of  common  air.  It  was  concluded  from 
the  event,  that  air  produced  from  fruits,  at  the  be¬ 
ginning  is  in  part  deftroyed ;  but  the  reft  can  keep 
the  form  of  air  very  long. 

Sal-armoniac  was  put  into  a  receiver  with  a  fuffi- 
cient  quantity  of  oil  of  vitriol,  then  the  air  being  ex- 
haufted,  the  fait  was  put  into  the  oil,  whereupon  a 
great  ebullition  prefently  followed,  and  the  mercury 
in  the  gage  (hewed  a  good  quantity  of  air  to  be  ge¬ 
nerated  but  this  by  the  fame  gage  foon  after  ap¬ 
peared  to  be  deftroyed  again.  The  experiment  was 
repeated,  and  both  the  production  and  deftruCtion 
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were  flower  than  before.  Afterwards  oil  of  vitriol  a* 
lone  was  put  into  a  receiver,  in  which  only  a  fifth 
p^rt  of  air  was  left  to,  try  whether  the  oil  withoutfal- 
armoniac  would  dimini fh  the  elaftical  force  of  the 
air  *,  but  it  fell  out  contrary,  that  the  force  of  the  air 
was  increafed.  It  was  confirmed  by  thefe  trials,  that 
fome  artificial  airs  may  be  deflroyed,  but  it  was 
thought  to  deferve  a  further  enquiry,  why  this  de~ 
flru&ion  happens  fometimes  fooner  and  fometimes 
later. 

Art.  XIII.  Experiments  concerning  the  different  cele¬ 
rity  of  air  produced  in  vacuo  or  in  common  air. 

From  thefe  experiments  made  with  pafle,  the  ker¬ 
nels  of  filberds,  raifins  of  the  fun  and  onions,  it  was 
concluded,  that  fome  bodies  do  moreeafiiy  produce 
their  air  in  vacuo  than  in  common  or  rarefied  air. 

Art.  XIV.  The  difference  betwixt  whole  or  entire,  and 

bruifed fruits. 

Bruifed  pears  did  not  produce  air  fo  foon  as  entire 
ones.  The  fame  was  found  to  hold  as  to  bruifed  ap¬ 
ples  and  unripe  grapes  bruifed  ;  but  ripe  grapes 
bruifed  had  the  contrary  effect.  By  another  experi¬ 
ment  upon  apples  it  was  concluded,  that  bruifed 
fruits  do  produce  lefs  air  in  vacuo  than  found  ones* 
contrary  to  what  happens  in  the  common  air.  The 
reafon  whereof  was  thought  to  be  this,  that  bruifed 
fruits  are  very  much  rarefied  in  vacuo ,  and  fo  the 
feveral  principles  of  which  they  confift,  cannot  a<ft 
upon  one  another  *,  but  unbruifed  fruits,  by  reafon 
pf  the  entirenefs  of  their  ambient  fkin,  undergo  lefs 
;*a  refaction. 
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Art.  XV.  Contains  fome  experiments , 

By  which  it  feemed,  that  the  air  at  divers  times  is 
diverfiy  affeCted ;  fo  that  fometimes  it  hath  a  power 
to  hinder  corruption  and  fometimes  to  promote  it ; 
fometimes  it  readily  produces  mouldinefs,  at  other 
times  it  is  unfit  for  that  purpofe. 

f  f 

Art.  XVI.  Contains  experiments , 

By  which  it  appears,  that  fome  bodies,  even  in 
vefiels  hermetically  fealed,  may  lofe  part  of  their 
weight  by  being  expofed  to  the  beams  of  the  fun  con¬ 
centered  with  a  burning-giafs. 

Art.  XVII.  Of  the  prefervation  of  bodies  m  comprefs - 

ed  liquors . 

Many  experiments  are  contained  under  this  arti¬ 
cle;  the  conclufions  made  from  them  are  as  follow. 

That  the  tafte  of  fome  fruits  may  be  preferved  in 
an  infufion  of  raifins  of  the  fun,  at  leaft  in  vefiels 
which  are  able  to  contain  a  great  comprefiion  of 
the  air. 

That  liquors  may  grow  four  though  no  fpirits 
have  evaporated  from  them. 

That  fruits  cannot  be  long  kept  in  pulp  of  apples 
by  reafon  of  the  great  production  of  air. 

That  the  juice  of  crude  grapes  cannot  conveniently 
be  ufed  for  the  prefervation  of  fruits,  for  the  fame 
reafon . 

That  fermented  liquors  may  be  ufeful  for  the  pr<s- 
fervationof  fruits,  as  being  unfit  to  produce  air. 

That  beer  may  be  convenient  for  the  prefervation 
of  fiefh,  efpecially  if  it  be  intruded  by  force  into  the 
receiver;  but  this  comprefiion  is  foon  abated,  be- 
caufe  the  air  compreffcd  in  the  fame  receiver  is  apt 
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to  enter  into  and  pervade  the  pores  of  the  beer  by 
degrees. 

That  water  as  well  as  beer  may  conduce  to  thepre- 
fervation  of  flefh. 

That  fifhes  produce  lefs  air  than  flefh,  and  yet  that 
they  will  be  corrupted,  though  they  be  fortified  a- 
gainft  the  air. 

That  butter  may  be  kept  a  great  while  if  it  be  de¬ 
fended  from  the  contact  of  the  external  air. 

That  corruption  may  fometimes  happen  without 
production  of  air. 

That  even  tender  bird’s  flelli  may  be  preferved 
long  by  the  help  of  beer  or  ale. 

That  fugar  is  not  fo  fit  for  the  prefervation  of 
fruits  as  fermented  liquors. 

That  milk  may  fometimes  be  ufed  with  good  flic- 
cefs  for  the  prefervation  of  flefh. 

That  butter  melted  and  hot  is  not  fo  fuccefsfully 
ufed  for  the  prefervation  of  flefh. 

That  flefh  after  it  is  boiled,  may  be  kept  long 
without  prejudice,  which  is  a  great  convenience  at 
fea,  fo  that  perhaps  there  may  be  no  need  of  faked 
flefh.  For  after  the  raw  flefh  hath  been  kept  fo  long 
in  veflels  flopped  with  fcrews,  as  experience  thews 
there  is  no  danger  of  its  corruption;  then  it  is  to  be 
taken  out,  and  being  perfectly  boiled  is  again  to  be 
included  in  the  fame  receivers,  and  fo  without  doubt 
it  may  be  kept  for  a  long  time  without  fait.  The 
chief  art  to  preferve  flefh  without  faltconfifts  here¬ 
in,  that  all  air  be  excluded  from  it,  and  that  there  be 
a  great  compreflion  in  the  receiver  (a). 

(a)  The  reafon  why  fpirit  of  wine  preferves  flefh,  and  other 
things  immerfed  in  it,  from  corruption  may  be,  that  the  fpirit 
fucks  up  and  confumes  the  air  lodged  in  the  pores  of  the  flefh.  For 
it  has  been  found  that  fpirit  of  wine  will  imbibe  a  bubble  of  air  as 
large  as  your  thumb  in  about  two  hours,  which  is  more  than  wa¬ 
ter  will  do  in  a  much  longer  time,  though  it  be  flrft  well  purged 
of  air  by  boiling  it. 
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Art.  XVIII,  Contains  experiments  concerning  elixa~ 
lion  and  diftillation  in  vacuo. 

Art.  XIX.  Contains  fome  experiments  concerning  e~ 
lixation  in  vejfels  flopped  with  fcrews. 

By  which  it  appears,  that  even  harts-horn  and  the 
bones  of  fifhes  and  four-footed  creatures  may  be  foft- 
ened  and  converted  into  good  nourifhment. 
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APPENDIX 

Numb.  L 

The  reafon  of  the  rijing  and  falling  of  the  mercury  in 
the  barometer ,  upon  change  of  weather ,  by  Dr .  Hal¬ 
ley  {a). 

TO  account  for  the  different  heights  of  the  mer¬ 
cury  at  feveral  times,  it  will  not  be  unnecef- 
fary  to  enumerate  fome  of  the  principal  ob- 
fervations  made  upon  the  barometer. 

i.  The  firft  is,  that  in  calm  weather,  when  the  air 
is  inclined  to  rain,  the  mercury  is  commonly  low. 

2.  That  in  ferene,  good,  fettled  weather  the  mer¬ 
cury  is  generally  high. 

3.  That  upon  very  great  winds,  though  they  be 
not  accompanied  with  rain,  the  mercury  finks  lowed: 
of  all,  with  relation  to  the  point  of  the  compafs  the 
wind  blows  upon. 

4.  That  cceteribus  paribus ,  the  greateft  heights  of 
the  mercury  are  found  upon  eaflerly  and  north-eaft- 
erly  winds. 

5.  That  in  calm  frofty  weather  the  mercury  ge¬ 
nerally  (lands  high. 

6.  T hat  after  very  great  dorms  of  wind ,  when  the 
quickfilver  has  been  low,  it  generally  rifes  again  ve¬ 
ry  fad. 

7.  That  the  more  northerly  places  have  greater 
alterations  of  the  barofcope  than  the  more  foutherly. 

8.  That  within  the  tropicks  and  near  them,  thofe 
accounts  we  have  had  from  others,  and  my  own  ob- 
fervationsat  St.  Helena,  make  very  little  or  no  vari- 

(a)  Reprinted  from  Lowthorf  s  Abridg.  of  the  Philofophical 
Tranfa&ions,  vol.  II.  pag.  20, 
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ation  of  the  height  of  the  mercury  in  all  weathers. 

Hence  I  conceive,  that  the  principal  caufe  of  the 
rife  and  fall  of  the  mercury,  is  from  the  variable 
winds  which  are  found  in  the  temperate  zones,  and 
whofe  great  inconftancy  here  in  England  is  moll  no¬ 
torious. 

A  fecond  caufe  is  the  uncertain  exhalation  and  pre¬ 
cipitation  of  the  vapours  lodging  in  the  air,  whereby 
it  comes  to  be  at  one  time  much  more  crouded  than 
at  another,  and  confequently  heavier  ;  but  this  latter 
in  a  great  meafure  depends  upon  the  former.  Now 
from  thefe  principles  I  fliall  endeavour  to  explicate 
the  feveral  phenomena  of  the  barometer,  taking 
them  in  the  fame  order  I  laid  them  down. 

i.  The  mercury’s  being  low  inclines  it  to  rain,be- 
caufe  the  air  being  light,  the  vapours  are  no  longer 
fupported  thereby,  being  become  fpecifically  heavier 
than  the  medium  wherein  they  floated  ;  fo  that  they 
defcend  towards  the  earth,  and  in  their  fall,  meeting 
with  other  aqueous  particles,  they  incorporate  toge¬ 
ther  and  form  little  drops  of  rain.  But  the  mercu¬ 
ry’s  being  at  one  time  lower  than  at  another,  is  the 
effed  of  two  contrary  winds  blowing  from  the  place 
where  the  barometer  flands ;  whereby  the  air  of  that 
place  is  carried  both  ways  from  it,  and  confequent¬ 
ly  the  incumbent  cylinder  of  air  is  diminiihed,  and 
accordingly  the  mercury  finks.  As  for  inltance,  if  in 
the  German  ocean  it  fliould  blow  a  gale  of  wefterly 
wind,  and  at  the  fame  time  an  eafterly  wind  in  the 
Irifh  fea,  or  if  in  France  it  fhould  blow  a  norther¬ 
ly  wind,  and  in  Scotland  a  foutherly,  it  mud:  be 
granted  me  that,  that  part  of  the  atmofphere  im¬ 
pendent  over  England  would  thereby’  be  exhaufted 
and  attenuated,  and  the  mercury  would  fubfide,  and 
the  vapours  which  before  floated  in  thofe  parts  of 
the  air  of  equal  gravity  with  themfdves,  would  link 
to  the  earth. 

2.  The 
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2.  The  greater  height  of  the  barometer  is  occasi¬ 
oned  by  two  contrary  winds  blowing  towards  the 
place  of  observation,  whereby  the  air  of  other  places 
is  brought  thither  and  accumulated  ;  fo  that  the  in¬ 
cumbent  cylinder  of  air  being  increafed  both  in  height 
and  weight,  the  mercury  prefTed  thereby  muft  needs 
rife  and  Hand  high,  as  long  as  the  winds  continue  fo 
to  blow ;  and  then  the  air  being  Specifically  heavier, 
the  vapours  are  better  kept  fufpended,  fo  that  they 
have  no  inclination  to  precipitate  and  fall  down  in 
drops ;  which  is  the  reafon  of  the  Serene  good  wea¬ 
ther,  which  attends  the  greater  heights  of  the  mer- 
cury. 

3.  The  mercury  finks  the  lowed  of  all  by  the  ve¬ 
ry  rapid  motion  of  air  in  ftorms  of  wind.  For 
the  tract  or  region  of  the  earth’s  Surface,  wherein 
thefe  winds  rage,  not  extending  all  round  the  globe, 
that  ftagnant  air  which  is  left  behind,  as  likewifethat 
on  the  Sides,  cannot  come  in  fo  fail  as  to  Supply  the 
evacuation  made  by  fo  Swift  a  current ;  fo  that  the 
air  muft  neceffarily  be  attenuated  when  and  where 
the  Said  winds  continue  to  blow,  and  that  more  or 
lefs  according  to  their  violence;  add  to  which,  that 
the  horizontal  motion  of  the  air  being  fo  quick  as  it 
is,  may  in  ail  probability  take  off  Some  part  of  the 
perpendicular  preffure  thereof :  and  the  great  agi¬ 
tation  of  its  particles  is  the  reafon  why  the  vapours 
are  diffipated,  and  do  not  condenfe  into  drops  fo  as 
to  form  rain,  otherwife  the  natural  confequence  of 
the  air’s  rarefaction. 

4.  The  mercury  ftands  the  higheft  upon  an  eafter- 
ly  or  north- eafterly  wind,  becaufe  in  the  great  At- 
lantick  ocean,  on  this  fide' the  35th  degree  of  north 
latitude,  the  wefterly  and  fouth-wefterly  winds  blow 
almoft  always  T rade,  fo  that  whenever  here  the  wind 
comes  up  at  eaft  and  north-eaft,it  is  fure  to  be  check¬ 
ed  by  a  contrary  gale  as  foon  as  it  reaches  the  o- 
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cean;  wherefore,  according  to  what  is  made  out  in 
our  fecond  remark,  the  air  mu  ft  needs  be  heaped  o- 
ver  this  ifland,  and  confequently  the  mercury  muft 
ftand  high,  as  often  as  thefe  winds  blow.  This  holds 
true  in  this  country,  but  is  not  a  general  rule  for  o- 
thers  where  the  winds  are  under  different  circum- 
fiances;  and  1  have  fometimes  feen  the  mercury 
here  as  low  as  29  inches  upon  an  eafterly  wind,  but 
then  it  blew  exceeding  hard,  and  fo  comes  to  be  ac¬ 
counted  for  by  what  was  obferved  upon  the  third 
remark. 

5.  In  calm  fro  fly  weather  the  mercury  generally 
Hands  high,  becaufe  (as  I  conceive)  it  feldom  freezes 
but  when  the  winds  come  out  of  the  northern  and 
north-eaflern  quarters,  or  at  leaft  unlefs  thofe  winds 
blow  at  no  great  diflance  off-,  for  the  northern  parts 
of  Germany,  Denmark,  Sweden,  Norway,  and  all 
that  tradl  from  whence  north-eaflern  winds  come, 
are  fubjedl  to  almoft  continual  froft  all  the  winter  ; 
and  thereby  the  lower  air  is  very  much  condenfed, 
and  in  that  ftate  is  brought  hitherwards  by  thofe 
winds,  and  being  accumulated  by  the  oppofition  of 
the  weflerly  wind  blowing  in  the  ocean,  the  mercu¬ 
ry  muft  needs  be  prefl  to  a  more  than  ordinary 
height ;  and  as  a  concurring  caufe,  the  fhrinking  of 
the  lower  parts  of  the  air  into  leffer  room  by  cold, 
muft  needs  caufe  a  defcent  of  the  upper  parts  of  the 
atmofphere  to  reduce  the  cavity  made  by  this  con¬ 
traction  to  an  c -equilibrium . 

6.  After  great  florms  of  wind,  when  the  mercury 
has  been  very  low,  it  generally  rifes  again  very  faff. 

I  once  obferved  it  to  rife  inch  in  lefs  than  6  hours 
after  a  long  continued  florm  of  fouth-weft  wind. The 
reafon  is,  becaufe  the  air  being  very  much  rarefied, 
by  the  great  evacuations  which  fuch  continued 
ftorms  make  thereof,  the  neighbouring  air  runs  in 
the  more  fwiftly  to  bring  k  to  an  equilibrium  ;  as 
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We  fee  water  runs  the  fader  for  having  a  great  de¬ 
clivity. 

7.  The  variations  are  greater  in  the  more  norther¬ 
ly  places,  as  at  Stockholm  greater  than  at  Paris 
(compared  by  Mr.  Pafcall)  (a)  becaufe  the  more 
northerly  parts  have  ufually  greater  dorms  of  wind 
than  the  more  foutherly, whereby  the  mercury  fliould 
fink  lower  in  that  extream  ;  and  then  the  northerly 
winds  bringing  the  condenfed  and  ponderous  air 
from  the  neighbourhood  of  the  pole,  and  that  again 
being  checked  by  a  foutherly  wind  at  no  great  di- 
dance,  and  fo  heaped,  mud  of  neceffity  make  the 
mercury  in  fuch  cafe  dand  higher  in  the  other  ex¬ 
tream. 

8.  Ladly,  this  remark,  that  there  is  little  or  no 
variation  near  the  equinodlial,  as  at  Barbadoes  and 
St.  Helena,  does  above  ail  others  confirm  the  hypo- 
thefis  of  the  variable  winds  being  the  caufe  of  thefe 
variations  of  the  height  of  the  mercury  ;  for  in  the 
places  above  named  there  is  always  an  eafy  gale  of 
wind  blowing  nearly  upon  the  fame  point,  viz. 
E.N.E.  at  Barbadoes,  and  E.S.E.  at  St.  Helena,  fo 
that  there  being  no  contrary  currents  of  the  air  to 
exhaud  or  accumulate  it,  the  atmofphere  continues 
much  in  the  fame  date:  however  upon  hurricanes 
(the  mod  violent  of  dorms)  the  mercury  has  been  ob¬ 
served  very  low,  but  this  is  but  once  in  two  or  three 
years,  and  it  foon  recovers  its  fettled  date  of  about 
29 f  inches. 

The  principal  objedticn  againd  this  dodtrine  is, 
that  I  fuppofe  the  air  fometimes  to  move  from  thofe 
parts  where  it  is  already  evacuated  below  the  (equi¬ 
librium^  and  fometimes  again  towards  thofe  parts 
where  it  is  condenfed  and  crouded  above  the  mean 
date,  which  may  be  thought  contradidlory  to  the 
laws  ofdaticks,  and  the  rules  of  the  (equilibrium  of 

(a)  Equilibre  des  liqueurs. 
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fluids.  But  thofe  that  fhall  confider  how  when  once 
an  impetus  is  given  to  a  fluid  body,  it  is  capable  of 
mounting  above  its  level,  and  checking  others  that 
have  a  contrary  tendency  to  defcend  by  their  own 
gravity,  will  no  longer  regard  this  as  a  material  ob~ 
llacle  •,  but  will  rather  conclude,  that  the  great  a- 
nalogy  there  is  between  the  rifling  and  falling  of  the 
water  upon  the  flux  and  reflux  of  the  flea,  and  this 
of  accumulating  and  extenuating  the  air,  is  a  great 
argument  for  the  truth  of  this  hypothefls.  For  as 
the  flea  over  againfl:  the  coaft  of  Eflex, rifles  and  flwells 
by  the  meeting  of  the  two  contrary  tides  of  flood, 
whereof  the  one  comes  from  the  S.W.  along  the 
channel  of  England,  and  the  other  from  the  north, 
and  on  the  contrary  finks  below  its  level  upon  the 
retreat  of  the  water  both  ways,  in  the  tide  of  ebb  ; 
flo  it  is  very  probable,  that  the  air  may  ebb  and  flow 
after  the  flame  manner ;  but  by  reaflon  of  the  diver- 
flity  of  caufles  whereby  the  air  may  be  fet  in  mov¬ 
ing,  the  times  of  thefe  fluxes  and  refluxes  thereof  are 
purely  cafual,  and  not  reducible  to  any  rule,  as  are 
the  motions  of  the  flea,  depending  wholly  upon  the 
regular  courfle  of  the  moon. 
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Numb.  II. 

A  fcale  of  degrees  of  heat  by  Sir  I  s  a  a  c 

Newton  (a). 


The  figns  and  defcriptions  of  heats . 


Equal 
parts  of 
heat, 
o. 


O,  1,2 

4 

4,  5, 6 

6 

12 


*7 

20rV 


I 


Th  e  heat  of  air  in  winter,  when  wa¬ 
ter  begins  to  freeze.  This  heat 
may  be  exactly  determined  by  placing 
a  thermometer  in  comprefied  fnow 
when  it  begins  to  thaw. 

The  heats  of  the  air  in  winter. 

The  heats  of  the  air  in  fpring  and 
autumn. 

The  heats  of  the  air  in  fummer. 
The  heat  of  the  air  at  noon  about 
the  month  of  July. 

The  greateft  heat  which  a  thermo¬ 
meter  can  acquire  in  contact  with  a  hu¬ 
man  body :  the  heat  of  a  bird  hatching 
her  eggs  is  much  the  fame. 

Almoft  the  greateft  heat  of  a  bath 
that  a  perfon  can  bear  while  his  hand 
is  immerfed  and  conftantly  agitated  for 
fome  time.  The  heat  of  the  blood  juft 
let  out  of  the  body  is  almoft  the  fame. 

The  greateft  heat  of  a  bath  that  a 
perfon  can  bear,  while  his  hand  is  im- 
merfed  and  kept  conftantly  at  reft  for 
fome  time. 

The  heat  of  a  bath  in  which  floating 
wax,  after  it  has  been  melted,  begins  by 


(a)  Tranilated  from  the  original  in  the  Philofophical  Trauf 
actions,  N°2  7Q. 
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cooling  to  lofe  its  fluidity  and  tranfpa- 
rency. 

The  heat  of  a  bath,  by  which  float¬ 
ing  wax  is  fo  heated  as  to  melt,  and  con¬ 
tinue  in  fufion  without  ebullition. 

A  middle  degree  of  heat  between 
that  wherewith  wax  melts  and  water 
boils. 

The  heat  with  which  water  boils  ve¬ 
hemently,  and  a  mixture  of  2  parts  of 
lead,  3  of  tin  and  5  of  bifmuth  grows 
diff  by  cooling.  Water  begins  to  boii 
with  a  heat  of  33  parts,  and  in  boiling 
fcarce  ever  exceeds  a  heat  of  34 
Drops  of  hot  water  falling  upon  hot 
iron,  ceafe  to  bubble,  when  the  iron 
has  35  or  36  parts  of  heat,  and  of  cold 
water,  when  the  iron  has  37  parts. 

The  lead  heat  with  which  a  mix¬ 
ture  of  1  part  of  lead,  4  of  tin  and  5  of 
bifmuth,  will  melt  and  continue  in  fu¬ 
fion. 

The  lead  heat  with  which  a  mixture 
of  equal  parts  of  tin  and  bifmuth  melts. 
This  mixture  by  cooling  grows  AifF 
with  47  parts  of  heat. 

The  heat  with  which  a  mixture  of  2 
parts  of  tin  and  1  part  of  bifmuth 
melts ;  as  alfo  a  mixture  of  3  parts  of 
tin  and  2  of  lead :  but  a  mixture  of 
5  parts  of  tin  and  2  parts  of  bifmuth, 
grows  did  by  cooling  in  this  heat; 
and  fo  does  a  mixture  of  equal  parts  of 
tin  and  bifmuth. 

The  lead  heat  with  which  a  mixture 
of  1  part  of  bifmuth  and  8  parts  of  tin 

melts. 


Si 


96 


114 


136 


16 1 


4 


4? 


4J 


4i 
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melts.  Tin  by  itfelf  melts  with  a  heat 
of  72  parts,  and  grows  ftiffby  cooling 
in  a  heat  of  70  parts. 

The  heat  with  which  bifmuth  melts, 
as  alfo  a  mixture  of  4  parts  of  lead  and 
1  part  of  tin.  But  a  mixture  of  5  parts 
of  lead  and  i  part  of  tin,  after  it  has 
been  melted,  grows  ftiffby  cooling  in 
this  heat. 

The  lead  heat  with  which  lead  melts. 
It  grows  hotter  and  melts  with  a  heaf: 
of  96  or  97  parts,  and  grows  ftiff  by 
cooling  in  a  heat  of  95  parts. 

The  heat  with  which  burning  bodies 
by  cooling  ceafe  to  be  vifible  in  a  dark 
night,  and  on  the  contrary  by  heating 
begin  to  fhine  in  the  fame  degree  of 
darknefs,  but  with  fo  faint  a  light  as  is 
fcarce  fenfible.  With  this  heat  a  mix¬ 
ture  of  equal  parts  of  tin  and  regulus 
martis,  and  alfo  a  mixture  of  7  parts 
of  bifmuth  and  4  parts  of  that  regulus, 
grows  ftiff  in  cooling. 

The  heat  with  which  burning  bodies 
fhine  in  a  dark  night  but  not  at  all  in 
the  twilight.  With  this  heat  a  mixture 
of  two  parts  of  regulus  martis  and  1 
part  of  bifmuth,  and  alfo  a  mixture  of 
5  parts  of  regulus  martis  and  1  part  of 
tin,  grow  ftiffby  cooling.  Regulus  alone 
grows  ftiff  with  a  heat  of  1 46  parts. 

The  heat  wherewith  bodies  burning 
in  the  twilight,  juft  before  fun- rife  or 
after  fun-let.  Urine  mamfeftly,  but  not 
at  all  or  but  very  obfcurely  in  broad 
daylight. 

Thf 
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192  5  The  heat  of  burning  coals  in  a  fmaii 

fire  made  of  bituminous  pit-coal,  and 
not  blown  with  the  bellows.  Iron  heat¬ 
ed  as  hot  as  poflible  in  this  fire,  has  the 
fame  heat  as  the  fire  itfelf.  But  the  heat 
of  a  fmall  fire  made  of  wood,  is  a  little 
greater,  having  200 or  210  parts;  and 
the  heat  of  a  large  fire  is  ftill  greater, 
efpeciaily  if  blown  with  bellows. 

In  the  firit  column  of  this  table  we  have  degrees 
of  heats  in  arithmetical  progreffion,  beginning  from 
the  heat  with  which  water  juft  begins  to  freeze,  as 
the  loweft  degree  of  heat,  or  as  a  limit  common  to 
heat  and  cold,  and  confidering  the  external  heat  of 
a  human  body  as  confifting  of  12  equal  parts. 

In  the  fecond  column  we  have  degrees  of  heats  in 
geometrical  progreffion ;  the  firfl  degree  (12)  is  the 
external  heat  of  a  human  bodyadjufled  by  our  fenfes, 
the  fecond  (24)  is  double  the  firit,  the  third  (48)  is 
double  the  fecond,  the  fourth  (96)  is  double  the 
third  and  the  fifth  (192)  double  the  fourth  (b ). 

By  this  table  it  appears,  that  the  heat  (34)  of 
boiling  water,  is  almoft  three  times  greater  than  the 
heat  (12)  of  a  human  body,  and  the  heat  (72J  of 
melting  tin  fix  times  greater,  and  the  heat  (96)  of 


{h)  I  underftand  the  Author’s  fenfe  of  this  paragraph  as  follows. 
f?£  In  the  fecond  column  we  have”  a  fcale  of  indices  or  exponents 
of  “  degrees  of  heat  in  geometrical  progreffion.”  The  numbers 
j,  1  ■£,  i-J,  2,  &c.  in  the  fecond  column,  being  in  arithme¬ 
tical  progreffion,  are  a  fcale  of  logarithms,  or  meafures  of  the  ra¬ 
tio’s  of  the  heats  expreffied  by  the  correfponding  numbers  1 2, 

? 4~Vj  1 7,  20tV,  24,  &c.  in  the  firft  column;  which  being  in 
geometrical  progreffion,  may  be  foon  found  by  taking  2-,  i-  of 
the  logarithm  of  2,  or  of  the  ratio  of  1  to  2,  and  multiplying  the 
correfponding  abfolute  numbers,  in  the  table  of  logarithms,  by  12. 
Then  by  doubling  the  4  laft  terms  of  the  geometrical  progreffion 
fo  found,  you  get  the  4  next,  and  by  doubling  thefe  you  have  the 
4  next,  and  fo  on  to  the  end  of  the  fcale. 

melting 
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melting  lead  eight  times  greater,  and  the  heat  (146) 
of  melting  regulus  about  twelve  times  greater,  and 
the  heat  (200)  of  a  common  fire  about  fixteen  or  fe- 
venteen  times  greater  than  the  heat  of  a  human 
body. 

The  table  was  conftruvfted  by  the  help  of  a  ther¬ 
mometer  and  red-hot  iron.  By  the  thermometer  I 
found  the  meafures  ofall  the  heats  as  far  as  that  which 
melts  tin,  and  the  meafures  of  all  the  reft  by  red-hot 
iron.  For  the  heat  which  the  iron  communicates  to 
contiguous  cold  bodies  in  a  given  time,  that  is,  the 
heat  which  it  lofes  in  a  given  time,  is  as  the  whole 
heat  of  the  iron.  Consequently  if  the  time  of  its  cool¬ 
ing  be  divided  into  any  equal  parts,  the  correfpond- 
ing  heats  [both  loft  and  retained]  will  decreafe  in  a 
geometrical  progreffion,  and  therefore  may  e'afily  be 
found  by  a  table  of  logarithms  (c). 

Firft  then  by  a  thermometer  made  with  3  in  feed  - 
oil,  I  found  when  the  thermometer  was  placed  in 
melting  fnow,  if  the  oil  took  up  10000  equal  parts 
of  fpace,  that  the  fame  oil,  being  afterwards  rarefi¬ 
ed  and  dilated  by  the  firft  degree  of  heat,  or  that 
of  a  human  body,  took  up  10256  fuch  parts,  and 
by  the  heat  of  water  juft  beginning  to  boil  10705 
parts,  and  by  the  heat  of  water  boiling  vehemently 
10725  parts,  and  by  the  heat  of  melted  tin,  when 
by  cooling  it  began  to  ftiffen  to  the  confidence  of  an 
amalgam  a  11516  parts,  and  when  quite  ftiff  11496 
parts. 

Therefore  the  oil  was  rarefied  and  dilated  in  the 
ratio  of  40  to  39  by  the  heat  of  a  human  body,  in 
the  ratio  of  15  to  14  by  the  heat  of  boiling  water,  in 
the  ratio  of  15  to  13  by  the  heat  of  melted  tin  be¬ 
ginning  to  ftiffen  and  coagulate  by  cooling,  and  in 
the  ratio  of  23  to  20  by  the  heat  of  tin  juft  grown 
quite  ftiff. 

(cj  See  pag.  ioi.  paragraph,  i . 
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The  rarefatftion  of  air  by  an  equal  heat  was  ten 
times  greater  than  that  of  the  oil,  and  the  rarefac¬ 
tion  of  the  oil  about  fifteen  (d)  times  greater  than 
that  of  fpirit  of  wine. 

By  thele  experiments,  taking  the  heats  of  the  oil 
to  be  proportional  to  its  rarefa&ions  (e),  and  for  the 
external  heat  of  a  human  body  writing  12  parts,  the 
heat  of  water  juft  beginning  to  boil,  comes  out  33 
fuch  parts,  and  of  water  boiling  vehemently  34 
parts,  and  of  tin  either  beginning  to  melt  or  to  ftiff- 
en  into  an  amalgama  72  parts,  and  of  tin  juft  be¬ 
come  quite  ft  iff  and  hard  70  parts. 

Having  found  thefe  heats,  in  order  to  determine 
the  reft,  I  heated  a  piece  of  iron  of  a  fufficient  thick- 
nefs,  till  it  became  red-hot,  and  taking  it  from  the 
fire  with  the  tongs  likewife  red-hot,  I  immediate¬ 
ly  put  it  in  a  cool  place  where  the  wind  blew  con- 
fiantly,  and  upon  it  I  laid  particles  of  diverfe  metals 
and  other  fufible  bodies,  and  noted  the  feveral  in- 
ftants  of  time  when  by  cooling  they  loft  their  fluidi¬ 
ty  and  began  to  coagulate,  and  laftly  when  the  heat 
of  the  iron  became  equal  to  the  external  heat  of  a 
human  body. 

(d)  The  original  runs  thus,  Rarefaclio  aeris  cs  quail  calore  fuit 
decuplo  major  quam  rarefadlio  olei ,  &  rarefaclio  olei  quafi  quinde - 
elm  c vicibus  major  quam  rarefadiio  fpiritus  <vinly  in  which  I  con¬ 
ceive  there  is  fome  miftake.  For  Dr.  Halley ,  by  an  experiment 
deferibed  in  the  Philof.  Tranfact.  N°  197.  found  that  when  fpirit 
of  wine  began  to  boil  (after  which  it  has  no  regular  expanfion)  it 
had  increafed  itfelf  a  1 2th  part  of  its  bulk  when  cold  in  winter 
time ;  and  by  my  own  trial  I  have  found,  that  with  the  heat  of 
fpirit  of  wine  beginning  to  boil,  the  linfeed  oil  in  my  thermome¬ 
ter  had  increafed  itfelf  about  53  thoufandth  parts  of  its  bulk  when 
placed  in  thawing  fnovv,  or  to  make  a  jufter  comparifon,  about 
tvot  parts  its  bulk  when  cold  in  winter  time.  Therefore  the 
increment  of  the  fpirit,  is  to  that  of  the  oil,  produced  by  equal 
heats,  as  ~Y  tOi-§4?  or  501  to  306  or  about  5  to  3 . 

fe)  That  is,  to  the  increments  of  its  bulk,  as  appears  by  thg 
numbers  in  the  two  laft  paragraphs  but  one. 

Then 
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Then  upon  this  principle,  that  the  exceftes  of  the 
heats  cf  the  iron  and  coagulating  particles,  above 
the  heat  of  the  atmofphere*  found  by  my  thermo* 
meter,  were  in  a  geometrical  progreffion,  when  the 
•  times  were  taken  in  an  arithmetical  progreffion,  I 
determined  all  thofe  heats. 

I  placed  the  iron  not  in  a  ftagnating  air,  but  in  a 
wind  blowing  uniformly,  that  the  air  heated  by  the 
iron  might  immediately  be  driven  away  by  the  wind, 
and  that  cool  air  might  continually  fucceed  it  with 
an  uniform  motion.  For  by  this  means  equal  parts 
of  the  atmofphere  were  heated  in  equal  times,  with 
degrees  of  heat  proportionable  to  the  heats  of  the 
iron. 

Now  the  heats  fo  determined  were  to  one  another 
in  the  fame  ratio’s  as  the  heats  found  by  my  ther¬ 
mometer,  and  therefore  the  principle  I  affumed, 
that  the  heats  of  the  oil  were  proportionable  to  its 
rarefactions,  is  a  true  principle  (/).  So  far  Sir  Ifaac 
Newton . 

Hence  we  learn  the  conftruCtion  of  a  thermome¬ 
ter,  which  being  once  adjufted  by  experiment  to  a- 
ny  one  degree  of  heat  in  the  Author’s  fcale,  fhallde* 
termine  the  reft  artificially,  and  alfo  the  proporti¬ 
ons  of  any  other  heats  to  thofe  in  the  fcale. 

For  this  purpofe,  fince  a  tube  feldom  happens  to 
be  perfectly  cylindrical,  it  muft  be  diftinguiffied  in¬ 
to  parts  equal  in  capacity,  if  not  in  length,  as  fol¬ 
lows.  Firft  weigh  the  empty  tube,  then  having  fill¬ 
ed  its  ball  and  about  a  ninth  or  tenth  part  of  the 
tube  with  quickfilver,  weigh  it  again  and  deduCt 
the  former  weight  from  the  latter ;  the  difference  is 
the  weight  of  the  inclofed  quickfilver,  which  gives 
the  weight  of  one  hundredth  part  of  it. 

(f)  This  property  of  the  rarefaction  of  linfeed-oil  was  after¬ 
wards  confirmed  by  an  experiment  made  by  Dr.  Brook  Taylor, 
and  defer  ibed  in  the  Philofoph.  Tran  fad.  Mw  3  76. 

1  Mark 
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Mark  the  tube  with  a  file  at  the  furface  of  the 
inclofed  quickfilver,  and  with  an  hundredth  part  of 
its  weight,  weigh  out  S  -or  9  parcels  of  the  like 
quickfilver,  and  pour  them  one  after  another  upon 
the  inclofed  quickfilver,  marking  the  tube  fucceftive- 
ly  at  the  furface  of  each  parcel. 

Then  with  your  compaffes  compare  the  intervals 
of  the  marks,  and  if  they  be  equal  to  one  another, 
divide  each  of  them  into  ten  equal  parts,  otherwife 
make  the  parts  increafe  or  decreafe  as  the  intervals 
do. 

Thus  the  capacity  of  the  tube  will  be  diftinguiftied 
into  thoufandth  parts  of  that  of  the  ball  and  conti¬ 
guous  part  of  the  tube  reaching  up  to  the  firft  mark. 

Then  put  the  tube  into  a  frame,  and  by  the  fide 
of  it  place  a  fcale  of  thoufandth  parts  exa&ly  cor- 
refponding  with  the  oppolite  marks  upon  the  tube ; 
and  writing  1000  over  againft  the  firft  mark,  num¬ 
ber  the  reft  in  their  order,  as  in  Fig.  41. 

On  the  oppofite  fide  of  the  tube  over  againft  the 
numbers  1000,  10x2.8,  1025.6,  1038.4,  1051. 2, 
1064, 1076.8,  &c.  in  arithmetical  progreftion,  write 
o,  6,  12,  1 8,  24,  30,  36,  &c.  alfo  in  arithmetical 
progreftion,  where  putting  marks,  divide  their  fe- 
veral  intervals  into  fix  equal  parts  if  the  intervals  be 
equal,  otherwife  into  parts  proportionable  to  the 
intervals.  And  along  the  fide  of  this  fcale,  at  the  pro¬ 
per  divifions  anfwering  to  the  numbers  in  the  firft 
column  of  the  Author’s  fcale,  write  the  names  of 
the  feveral  bodies  whofe  degrees  of  heat  are  exprefif- 
ed  by  thofe  numbers. 

The  fcale  for  the  given  tube  being  thus  conftru6t- 
ed,  what  remains  to  be  done  is  only  to  pour  in  lin- 
feed-oil,  and  adjuft  it  to  fuch  a  quantity,  that,  when 
the  thermometer  is  placed  in  the  heat  of  any  one  bo¬ 
dy  marked  upon  the  fcale,  and  has  acquired  it  very 
(lowly  and  uniformly  in  every  part,  the  furface  of 
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the  oil  may  reft  exadlly  at  the  mark  belonging  to 
that  heat  j  that  is,  at  o  if  the  ball  be  placed  in  com- 
prefled  fnow  juft  thawing,  or  at  34,  if  in  water  juft 
beginning  to  boil ;  and  fo  for  any  other. 

Artificers  generally  fill  their  thermometers  with  a 
glafs-funnel,  whofe  pipe  is  drawn  out,  like  a  capilla¬ 
ry  tube,  to  a  length  and  flendernefs  fufficient  to  en¬ 
ter  the  tube  of  the  thermometer  and  reach  down  to 
its  balk  And  if  they  happen  to  pour  in  too  much 
liquor,  they  infert  an  empty  capillary  tube,  which 
will  attradf  the  liquor  by  little  and  little,  till  a  due 
quantity  be  left  behind. 

By  a  linfeed-oil  thermometer  well  graduated  and 
adjufted  as  above,  many  more  may  foon  be  made 
with  oil  or  any  other  expanding  fluid,  without  the 
trouble  of  graduating  their  tubes  by  equal  quantities 
of  quickfilver.  For  having  filled  the  balls  and  a  con¬ 
venient  part  of  the  tubes,  with  the  fluids  propofed, 
place  them  all  together  in  a  fldllet  of  cold  water, 
and  while  it  is  wanning  as  gently  as  poflible,  when 
the  oil  in  the  ftandard  thermometer  fhall  arrive  fuc- 
celfively  at  the  feveral  divifions  of  its  fcale,  at  the 
fame  inftants  of  time  mark  the  new  tubes  at  the  fe¬ 
veral  heights  of  their  fluids ;  and  form  a  fcale  for  e- 
very  tube  that  fhall  correfpond  to  thofe  marks.  Then 
while  the  liquors  fubfide  by  cooling  gently,  exa¬ 
mine  whether  they  correfpond  at  the  refpedtive 
marks. 

It  is  eafy  to  underftand  how,  by  the  help  of  quick¬ 
filver  as  above,  the  fcale  of  thoufandth  parts  in  the 
ftandard  thermometer,  may  be  continued  below  the 
mark  1000  ;  from  which  the  fcales  of  the  new  tubes 
may  be  continued  downwards,  by  placing  them  all 
together  in  fome  freezing  mixture,  provided  the  li¬ 
quors  in  the  tubes  be  incapable  of  freezing.  Thefe 
parts  of  the  fcales  are  neceftary  for  regiftering  de¬ 
grees  of  cold. 
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A  thermometer  that  ftiall  vary  very  fenfible  by 
every  fmall  variations  of  heat  and  cold,  as  thofe  of 
the  atmofphere,  mud  have  a  large  ball  in  propor¬ 
tion  to  the  bore  of  the  tube  ;  and  that  the  heat  or 
cold  may  fooner  diffufe  itfelf,  even  to  the  innermoft 
parts  of  the  included  liquor,  the  ball  fhould  not  be 
fpherical  but  oblong  and  flatted  like  a  French  flafk. 
Thermometers  intended  for  different  ufes  fhould 
have  tubes  of  different  flzes  and  lengths,  for  com¬ 
prehending  a  greater  or  fmaller  number  of  degrees 
of  heat,  fuitable  to  the  intended  ufes.  And  it  may 
not  be  improper  to  place  a  fpiritof  wine  thermome¬ 
ter  in  the  fame  frame  with  that  of  linfeed-oil,  by 
which  the  larger  intervals  in  the  newfcale  may  be  de¬ 
termined  *,  and  thefe  may  be  fubdivided  into  fmaller, 
anfwering  to  equal  capacities  of  the  tube,  as  above. 

Being  very  much  pleafed  with  the  ingenuity  of  the 
Author’s  method  of  meafuring  heats,  and  his  care 
and  judgment  in  feledting  fo  great  a  variety  of  par¬ 
ticulars  as  fhould  compofe  a  fcale  fo  remarkably  re¬ 
gular,  for  further  fatisfadtion  in  the  accuracy  of  his 
meafures,  I  formerly  made  an  oil  thermometer  in 
the  manner  I  have  been  defcribing  ;  and  having 
placed  it  in  feveral  heats  mentioned  by  the  Author, 
beginning  from  that  of  water  juft  freezing  and  increaf- 
ing  to  that  of  its  boiling  vehemently,  I  found  they 
raifedmyoil  exadtly  enough  to  the  marks  determined 
upon  my  fcale  *,  and  judging  Sir  Ifaac  Newton  to  be 
the  Author  of  this  admirable  paper,  as  well  by  the 
ftyle  and  manner  of  it,  as  by  its  analogy  to  fome 
paffages  in  his  writings,  I  was  afterwards  confirmed 
in  my  opinion  by  talking  with  him  about  it,  and 
mentioning  the  agreement  of  the  fcale  with  my  own 
experiments.  Which  I  now  mention  as  an  experi¬ 
mental  proof  of  the  propofition  I  began  with,  and  as 
an  inducement  to  thofe  that  life  thermometers  in  phf- 
lofophical  enquiries,  to  conftruct  them  in  the  man¬ 
ner 
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ner  here  defcribed,  at  leaft  till  a  better  be  invented ; 
in  order  to  render  their  experiments  intelligible  and 
ufeful  to  the  world.  For  it  cannot  but  appear  to  a 
thinking  perfon,  even  from  the  theory  alone,  that 
all  thermometers  of  this  conftru&ion,  notwithstand¬ 
ing  any  difference  in  the  fhapes  and  capacities  of  the 
tubes,  muff:  needs  agree  together  artificially,  to  the 
fame  degree  of  exadlnefs,  as  bodies  of  the  fame  name 
and  fort,  and  in  the  fame  circum fiances,  can  agree 
together  in  the  quantity  of  their  fenfible  qualities. 
And  this  I  think  is  all  the  information  a  thermome¬ 
ter  can  give  us,  and  what  I  prefume  has  been  hi¬ 
therto  wanting,  in  thofe  at  leaft  that  I  ever  met 
with. 


Numb.  III. 

An  account  of  fome  experiments  fhown  before  the  Royal 
Society ;  with  an  enquiry  into  the  caufe  of  the  afcenl 
and  fufpenfion  of  water  in  capillary  tubes ,  by  Dr. 
Jurin  (a). 

Some  days  ago  a  method  was  propofed  to  me  by 
an  ingenious  friend,  for  making  a  perpetual  mo¬ 
tion,  which  feemed  fo  plaufible,  and  indeed  fo  eafily 
demonftrable  from  an  obfervation  of  the  late  Mr. 
Haukjbee ,  faid  to  be  grounded  upon  experiment, 
that  though  I  am  far  from  having  any  opinion 
of  attempts  of  this  nature,  yet  I  confefs  I  could 
not  fee  why  it  fhould  not  fucceed.  Upon  trial  in* 
deed  the  fallacy  difcovered  itfelf.  But  as  fearchers 
after  things  impoffible  in  themfelves  are  frequently 
obferved  to  produce  other  difcoveries,  unexpe&ed 

[a)  Reprinted  from  the  Philofoph.  Tranf?il.  N°  35$, 
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by  the  inventer  fo  this  propofal  has  given  occa- 
fion,  not  only  to  rectify  fome  miftakes  into  which 
we  had  been  led  by  that  ingenious  and  ufeful  mem¬ 
ber  of  the  Royal  Society  above-named,  but  likewife 
to  deted  the  real  principle  by  which  water  is  raifed 
and  fufpended  in  capillary  tubes,  above  the  level. 

I.  My  friend’s  propofal  was  as  follows.  In  Fig.  42 
let  a  h  c  be  a  capillary  fiphon,  compofed  of  two  legs 
ab,  bcy  unequal  both  in  length  and  diameter  j  whole 
longer  and  narrower  leg  ab  having  its  orifice  a  im- 
merft  in  water,  the  water  will  rife  above  the  level, 
till  it  fills  the  whole  tube^£,  and  will  then  continue 
fufpended.  If  the  wider  and  fhorter  leg  be,  be  in  like 
manner  immefft,  the  water  will  only  rife  to  fome 
height  as  fc,  lefs  than  the  entire  height  of  the  tube  be . 

This  fiphon  being  filled  with  water,  and  the  ori¬ 
fice  a  funk  below  the  furface  of  the  water  de ,  my 
friend  reafons  thus. 

Since  the  two  columns  of  water  ab  and  fc,  by  the 
fuppofition,  will  be  fufpended  by  fome  power  act¬ 
ing  within  the  tubes  they  are  contained  in,  they  can¬ 
not  determine  the  water  to  move  one  way  or  the  o- 
ther.  But  the  column  bf  having  nothing  to  fupport 
it,  muft  defeend,  and  caufe  the  water  to  run  out  at 
c.  Then  the  preffure  of  the  atmofphere  driving  the 
water  upward  through  the  orifice  a,  to  fupply  the 
vacuity,  which  would  otherwife  be  left  in  the  upper 
part  of  the  tube  be,  this  muft  necefiarily  produce  a 
perpetual  motion,  fince  the  water  runs  into  the  fame 
veffel,  out  of  which  it  rifes.  But  the  fallacy  of  this 
reafoning  appears  upon  making  the  experiment. 

Exp.  1.  For  the  water,  inftead  of  running  out  at 
the  orifice  c,  rifes  upward  towards  /,  and  running 
all  out  of  the  leg  be,  remains  fufpended  in  the  other 
leg  to  the  height  ab. 

Exp.  2.  The  fame  thing  fucceeds  upon  taking 
the  fiphon  out  of  the  wrater,  into  which  its  lower 
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orifice  a  had  been  immerfl,  the  water  then  falling 
in  drops  out  of  the  orifice  a ,  and  (landing  at  laft  at 
the  height  ab.  But  in  making  thefe  two  experiments 
it  is  neceffary  that  ag  the  difference  of  the  legs  ex¬ 
ceed /c,  otherwife  the  water  will  not  run  either  way, 

Exp.  3.  Upon  inverting  the  fiphon  full  of  water* 
it  continues  without  motion  either  way. 

The  reafon  of  all  which  will  plainly  appear,  when 
we  come  to  difcover  the  principle  by  which  the  wa¬ 
ter  isfufpended  in  capillary  tubes. 

II.  Mr.  Haukjbee' s  obfervation  is  as  follows.  In 
Fig.  43  let  abfc  be  a  capillary  fiphon,  into  which 
the  water  will  rife  above  the  level  to  the  height  cf 
and  let  ba  be  the  depth  of  the  orifice  of  its  longer 
leg  below  the  furface  of  the  water  de.  Then  the  fi¬ 
phon  being  filled  with  water,  if  ba  be  not  greater 
than  cf  the  water  will  not  run  out  at  a 5  but  will  re¬ 
main  fufpended. 

This  feems  indeed  very  plaufible  at  firfl  fight. 
For  fince  the  column  of  water  fc  will  be  fufpended 
by  fome  power  within  the  tube,  why  fhould  not  the 
column  ba,  being  equal  to,  or  lefs  than  the  former, 
continue  fufpended  by  the  fame  power? 

Exp.  4.  In  fadt,  if  the  orifice  c  be  lifted  up  out  of 
the  water  de ,  the  water  in  the  tube  will  continue  fuf¬ 
pended,  unlefs  ba  exceed  fc. 

Exp.  5.  But  when  c  is  never  fo  little  immerfl  in  the 
water,  immediately  the  water  in  the  tube  runs  out  in 
drops  at  the  orifice  a,  though  the  length  ab  be  con- 
fiderably  lefs  than  the  height  cf. 

Mr.  Haukjbee  in  his  Book  of  Experiments  has  ad¬ 
vanced  another  obfervation,  namely,  that  the  fhorter 
leg  of  a  capillary  fiphon,  as  abfc,  mu  id  be  immerfl 
in  the  water  to  the  depth  fc,  which  is  equal  to  the 
height  of  the  column,  that  would  be  fufpended  in 
it,  before  the  water  will  run  out  at  the  longer  leg. 

-  Exp,  6.  From  what  miftake  this  has  proceeded,  I 
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cannot  imagine •,  for  the  water  runs  out  at  the  longer 
leg,  as  foon  as  the  orifice  of  the  Ihorter  leg  comes  to 
touch  the  furface  of  the  flagnant  water,  without  be¬ 
ing  at  all  immerft  therein. 

III.  I  proceed  now  to  enquire  into  the  caufe  of 
the  afcent  and  fufpenfionof  water  in  capillary  tubes. 

That  this  phenomenon  is  no  way  owing  to  the 
prefffure  of  the  atmofphere,  has  been,  I  think  fuf- 
ficiently  proved  by  Mr.  Haukjbee' s  experiments. 

And  that  the  caufe  affigned  by  the  fame  perfon, 
namely,  the  attraction  of  the  concave  furface,  in 
which  the  fufpended  liquor  is  contained,  is  likewife 
infufficient  for  producing  this  effeCt,  I  thus  demon- 
lira  te. 

Since  in  every  capillary  tube  the  height,  to  which 
the  water  will  fpontaneoufly  afcend,  is  reciprocally 
as  the  diameter  of  the  tube,  it  follows,  that  the  fur¬ 
face  containing  the  fufpended  water  in  every  tube  is 
always  a  given  quantity :  but  the  column  of  water 
fufpended,  is  as  the  diameter  of  the  tube.  Therefore, 
if  the  attraction  of  the  containing  furface  be  the  caufe 
of  the  water’s,  fulpenfion  *,  it  will  follow,  that  equal 
caufes  produce  unequal  efieCts,  which  is  abfurd. 

To  this  it  may  perhaps  be  objected,  that  in  two 
tubes  of  unequal  diameters,  the  circumftances  are 
different,  and  therefore  the  two  caufes,  though  they 
be  equal  in  themfelves,  may  produce  efieCts  that  are 
unequal.  For  the  leffer  tube  has  not  only  a  greater 
curvature,  but  thofe  parts  of  the  water,  which  lie  in 
the  middle  of  the  tube,  are  nearer  to  the  attracting 
furface,  than  in  the  wider.  But  from  this,  if  any 
thing  follows,  it  mult  be,  that  the  narrower  tube 
will  fufpend  the  greater  quantity  of  water,  which  is 
contrary  to  experiment.  For  the  columns  fufpended 
are  as  the  diameters  of  the  tubes. 

But  as  experiments  are  generally  more  fatisfaCtory 
In  things  of  this  nature,  than,  mathematical  reafon- 
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ing§,  it  may  not  be  amifs  to  make  ufe  of  the  follow¬ 
ing,  which  appear  to  me  to  contain  an  experimentunt 
crucis . 

In  Fig.  44,  the  tube  cd  iscompofed  of  two  parts* 
in  the  wider  of  which  the  water  will  rife  fpontane- 
ouOy  to  the  height  bf ,  but  the  narrower  part,  if  it 
were  of  a  ftifficient  length,  would  raife  the  water  to 
a  height  equal  to  cd . 

Exp.  7.  This  tube  being  filled  with  water,  and 
the  wider  end  c  immerft  in  the  ftagnant  water  ab ± 
the  whole  continues  fufpended, 

Exp.  8.  The  narrower  end  being  immerft,  as  in 
Fig.  45, the  water  immediately  fubfides,  and  Hands 
at  laft  at  the  height  dg  equal  to  bf, 

From  which  it  is  man  heft,  that  the  fufpenfion  of 
the  water  in  the  former  of  thefe  experiments  is  not 
owing  to  the  attraction  of  the  containing  furface ; 
fince,  if  that  were  true,  this  furface  being  the  fame* 
when  the  tube  is  inverted,  would  fufpend  the  water 
at  the  fame  height* 

IV.  Having  fhewn  the  infufftciency  of  this  hypo- 
thefts,  I  come  now  to  the  real  caufe  of  that  pheno¬ 
menon,  which  is  the  attraction  of  the  periphery,  of 
rather  of  the  fmall  annular  portion  of  the  inftde  of 
the  tube,  to  which  the  upper  furface  of  the  water  is 
contiguous  and  coheres. 

For  this  is  the  only  part  of  the  tube,  from  which 
the  water  muft  recede  upon  its  fubftding,  and  confe- 
quently  the  only  one,  which  by  the  force  of  its  co  * 
hefton  or  attraction,  oppofes  the  defcent  of  the  wa¬ 
ter. 

This  likewife  is  a  caufe  proportional  to  the  effeCt^ 
which  it  produces;  fince  that  periphery,  and  the 
column  fufpended,  are  both  in  the  fame  proportion 
as  the  diameter  o.f  the  tube. 

Though  from  either  of  thefe  particulars  it  were 
cafy  to  draw  a*  juft  demonftration,  yet  to  put  the 
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matter  out  of  all  doubt,  it  may  be  proper  to  confirm 
this  affertion,  as  we  have  done  the  former,  by  aCtual 
experiment. 

Let  therefore,  in  Fig.  46,  edc  be  a  tube,  like  that 
made  ufe  of  in  the  7th  and  8th  experiments,  except 
that  the  narrower  part  is  of  a  greater  length  *,  and 
let  af  and  bg  be  the  heights,  to  which  the  water 
would  fpontaneoufiy  rife  in  the  two  tubes  ed  and  dc, 

Exp.  9.  If  this  tube  have  its  wider  orifice  c  im- 
merft  into  the  water  ab,  and  be  filled  to  any  height 
lefs  than  the  length  of  the  wider  part,  the  water  will 
immediately  fubfide  to  a  level  with  the  pointy;  but 
if  the  furface  of  the  contained  water  enter  never  fo 
little  within  the  fmaller  tube  ed,  the  whole  column 
dc  will  be  fufpended,  provided  the  length  of  that 
column  do  not  exceed  the  height  af. 

In  this  experiment  it  is  plain,  that  there  is  nothing 
to  fuftain  the  water  at  fo  great  a  height,  except  the 
contact  of  the  periphery  of  the  ieffer  tube,  to  which 
the  upper  furface  of  the  water  is  contiguous.  For  the 
tube  dc,  by  the  fuppofition,  is  not  able  to  fupport 
the  water  at  a  greater  height  than  bg. 

Exp.  10.  When  the  fame  tube  is  inverted,  as  in 
Fig.  47,  and  the  water  is  raifed  into  the  lower  ex¬ 
tremity  of  the  wider  tube  cd,  it  immediately  finks, 
if  the  length  of  the  fufpended  column  dh  be  greater 
thaxxgb ;  whereas  in  the  tube  de  it  would  be  fufpend¬ 
ed  to  the  height  af.  From  which  it  manifeftly  ap¬ 
pears,  that  the  fufpenfion  of  the  column  dh  does  not 
depend  upon  the  attraction  of  the  tube  de,  but  up¬ 
on  the  periphery  of  the  wider  tube,  with  which  its 
upper  furface  is  in  con  taCt. 

V.  For  the  fake  of  thqfe,  who  are  pleafed  with 
feeing  the  fame  thing  fucceed  in  different  manners, 
we  fubjoin  the  two  following  experiments,  which  are 
in  fubltance  the  fame  with  the  9th  and  10th. 

In  Fig*  48,  abc  is  a  fiphon,  in  whofe  narrower 

and 
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and  fhorter  leg  ab ,  if  it  were  of  a  fufficient  length, 
might  be  fufpended  a  column  of  water  of  the  height 
ef\  but  the  longer  and  wider  leg  be  will  fufpend  no 
more  than  a  column  of  the  length  ^. 

Exp.  1 1.  This  fiphon  being  filled  With  water,  and 
held  in  the  fame  pofition,  as  in  the  figure,  the  water 
will  not  run  out  at  c  the  orifice  of  the  longer  leg,  un- 
lefs  dc  the  difference  of  the  legs  ab  and  be ,  exceed 
the  length  ef. 

Exp.  12.  If  the  narrower  leg  be  be  longer  than  aby 
as  in  Fig.  49,  the  water  will  run  out  at  r,  if  dc  the 
difference  of  the  legs  exceed  ef->  otherwife  it  will  re¬ 
main  fufpended. 

In  thefe  two  experiments  it  is  plain,  that  the  co¬ 
lumns  dc  are  fufpended  by  the  attraction  of  the  pe¬ 
ripheries  at  a9  fince  their  lengths  are  equal  to  ef9  or 
to  the  length  of  the  column,  which  by  the  fuppofi- 
tion  thofe  peripheries  are  able  to  fupport  ;  whereas 
the  tubes  be  will  fuftain  columns,  whofe  lengths  are 
equal  to  gb, 

VI.  Though  thefe  experiments  feern  to  be  con- 
clufive,  yet  it  may  not  be  improper  to  prevent  an 
objection,  which  naturally  prefents  itfelf,  and  which 
at  firft  view  may  be  thought  fufficient  to  overturn 
our  theory. 

For  fince  a  periphery  of  the  tube  ed9  in  Fig.  46b, 
is  able  to  fuftain  no  more  than  a  column  of  the 
length  af9  contained  in  the  fame  tube;  how  comes  it 
to  fuftain  a  column  of  the  fame  length  in  the  wider 
tube  Jr,  which  is  as  much  greater  than  the  former, 
as  the  fedlion  of  the  wider  tube  exceeds  that  of  the 
narrower? 

Again,  if  a  periphery  of  the  wider  tube  Jr,  in 
Fig.  47,  be  able  to  fuftain  a  column  of  water  in  the 
fame  tube,  of  the  length  bg  *,  why  will  it  fupport  no 
more  than  a  column  of  the  fame  length  in  the  nar¬ 
rower  tube  ed? 
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Which  queries  may  likewife  be  made  with  regard 
to  the  x  i  th  and  mh  experiments. 

The  anfwer  iseafy,  for  the  Moments  of  thofe  two 
columns  of  water  are  precifely  the  fame,  as  if  the  fu~ 
ftaining  tubes  ed  and  cd9  were  continued  down  to  the 
furface  of  theftagnant  water  ah ;  fmee  the  velocities 
of  the  water,  where  thofe  columns  grow  wider  or 
narrower,  are  to  the  velocities  at  the  attracting  peri¬ 
pheries,  reciprocally  as  the  different  feedions  of  the 
columns. 

Exp.  13.  From  which  confideration  arifes  this  re¬ 
markable  paradox,  that  a  veffel  being  given  of  what- 
foever  form,  as  abc,  in  Fig.  50,  and  containing  any 
affignable  quantity  of  water,  how  great  foever  j  that 
whole  quantity  of  water  may  be  fufpended  above  the 
level,  if  the  upper  part  of  the  veffel  c  be  drawn  out 
into  a  capillary  tube  of  a  fufficient  finenefs. 

But  whether  this  experiment  will  fucceed,  when 
the  height  of  the  veffel  is  greater  than  that,  to  which 
water  will  be  railed  by  the  preffure  of  the  atmo- 
fphere,  and  how  far  it  will  be  altered  by  a  vacuum , 
I  (hall  give  an  account  in  my  next  paper. 

Having  difeovered  the  caufe  of  the  fufpenfion  of 
water  in  capillary  tubes,  it  will  not  be  difficult  to  ac¬ 
count  for  the  feemingly  fpontaneousafeent  of  it  *  for 
fince  the  water  that  enters  a  capillary  tube,  as  foon 
as  its  orifice  is  dipt  therein,  has  its  gravity  taken  off 
by  the  attraction  of  the  periphery,  with  which  its 
upper  furface  is  in  contad,  it  mud  neceffarily  rife 
higher,  partly  by  the  preffure  of  the  llagnant  water, 
and  partly  by  the  attraction  of  the  periphery  imme¬ 
diately  above  that,  which  is  already  contiguous  to 
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An  account  of  fame  new  experiments  relating  to  the 

aClion  of  glafs  tubes  upon  water  and  quickfilver ,  by 

Dr.  Jurin  (a). 

I.lN the  foregoing difcourfe,prefented  to theRoyal 
X  Society,  I  maintained  that  the  fufpenfion  of 
water  in  a  capillary  tube  was  owing  to  the  attra¬ 
ction  of  a  fmall  annular  furface  on  the  infide  of  the 
tube,  which  touched  the  upper  part  of  the  water. 
Among  the  feveral  experiments  made  ufe  of  to 
prove  this  affertion,  was  that  of  a  glafs  funnel  of  fe¬ 
veral  inches  diameter,  having  its  fmall  end  drawn 
out  into  a  very  fine  tube,  which  funnel  being  invert¬ 
ed  and  filled  with  water,  the  whole  quantity  of  wa¬ 
ter  therein  contained  was  fuflained  above  the  level 
by  the  attraction  of  that  narrow  annulus  of  glafs, 
with  which  the  upper  furface  of  the  water  was  in 
contaCt. 

Soon  after  that  difcourfe  was  printed,  came  out 
a  book  publifhed  by  a  learned  and  ingenious  mem¬ 
ber  of  this  Society,  in  which  that  experiment  was 
accounted  for  in  the  following  manner. 

Fig.  51.  If  there  be  a  funnel ,  as  ABC ,  full  of  wa¬ 
ter,  and  whofa  wide  end  ftands  in  a  vejfel  of  water  as 
BC ;  and  the  top  of  the  f  unnel  A  end±  in  a  capillary  tube 
open  at  A^  the  whole  water  will  be  fuflained :  the  pillar 
Aa  by  the  attraction  of  the  circle  of  glafs  within  the  tube 
immediately  above  it  *,  and  all  the  reft  of  the  pillars  of 
water ,  as  Ffa  Dd,  Ee,  Gg ,  &c.  in  fame  meafufe  by  the 
attraction  of  the  parts  of  the  glafs  above  them ,  as  If  Z>, 
E ,  G  :  and  that  the  fmall  pillars  or  threads  of  water 
Dd  and  Ee>  do  not  fade  down  to  Ff  and  Gg ,  and  fa  ge 

(4)  Reprinted  from  the  Philofoph,  Tranfacl,  N°  363. 
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quite  down ,  to  be  owing  to  their  cohefion  with  the 

pillar  Aa ,  which  is  fuftained  by  the  capillary  tube  A : 
for  if  you  break  of  the  f aid  tube  at  DEy  the  whole  wa¬ 
ter  will  prefently  fink  down.  V  „ 

As  this  folption  was  very  different  from  what  I  had 
before  given,  and  the  reputation  of  that  gentleman, 
whofe  great  knowledge  in  experimental  philofophy 
is  generally  known,  was  fufficient  to  give  weight  to 
any  of  his  opinions  ;  I  thought  myfelf  under  an  ob¬ 
ligation  to  examine  his  account  of  the  experiment* 
in  order  either  to  demonftrate  its  infufficiency,  or  to 
retrad  my  own  folution.  Accordingly  at  the  next 
meeting  of  the  Society,  I  produced  the  following 
experiment. 

In  Fig.  52,  the  funnel  afgbc, whofe  lower  part  bcfg^ 
was  cylindrical  to  a  confiderable  height,  and  whofe 
top  was  drawn  out  into  a  fine  tube  at  <2,  being  filled 
with  water  to  the  height  bfi  fo  that  the  furface  of 
the  water  Jg,  did  not  reach  to  the  arched  part  oi  the 
funnel  j  I  touched  the  end  a  with  a  wetted  finger, 
whereby  a  fmall  quantity  of  water  being  infinuated 
into  the  capillary  tube  at  <2,  the  water  contained  in 
the  funnel  was  fufpended  above  the  level  of  the  wa¬ 
ter  in  the  ciftern  de,  as  in  the  former  experiment. 

In  this  experiment  it  is  manifeft,  that  the  little 
columns,  into  which  we  may  fuppofe  the  cylinder  of 
water,  fgbc,  to  be  divided,  are  no  way  fuftained  by 
the  attradion  of  the  arched  part  of  the  glafs  above 
them,  fmce  they  have  no  contad  with  it.  Nor  is  there 
any  fuch  middle  pillar  of  water,  which,  by  its  con- 
tad  with  the  tube  at  top,  is  both  fuftained  itfelf,  and 
helps  to  fupport  the  pillars  about  it.  Upon  the  fup- 
pofition  of  which  two  particulars,  that  gentleman’s 
folution  was  founded. 

This  experiment  may  be  thus  accounted  for.  The 
cylinder  of  water  fgbc,  by  its  weight  ballances  a  part 
of  the  preffure  oi  the  atmofphere,  which  is  incum¬ 
bent 
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bent  on  the  water  in  the  ciftern,  and  endeavours  to 
force  that  cylinder  upwards.  The  reft  of  that  pref- 
fure  is  ballanced  by  the  fpringof  the  air,  afg ,  which 
is  included  between  the  cylinder  of  water  fgbc,  and 
the  little  column  of  water  in  the  capillary  a.  But,  as 
this  air  by  its  fpring  prefles  equally  every  way,  it 
muft  ballance  as  much  of  the  prefiure  of  the  atmo- 
fphere  upon  the  little  column  of  water  at  a,  as  it  does 
of  that  upon  the  water  in  theciftern.  The  remainder 
of  the  preftlire  of  the  atmofphere  upon  the  column 
of  water  at  a  is  fuftained  by  the  force,  with  which 
that  column  adheres  to  the  capillary  tube,  which 
therefore  does  exactly  ballance  the  weight  of  the  cy¬ 
linder  of  water  fgbc,  and  is  the  real,  though  not  the 
immediate,  caufe  of  its  fufpenfion. 

The  experiment  fucceeds  in  the  fame  manner, 
when  a  column  of  quickfilver  is  railed  into  the  fun¬ 
nel,  inftead  of  the  column  of  water  fgbc,  the  top  of 
the  tube  being  touched  with  a  wet  finger  as  before. 
But  then  the  height  of  the  quickfilver  in  the  funnel 
muft  be  as  much  lefs  than  that  of  the  water,  as  its 
fpecifick  gravity  is  greater. 

I  proceed  now  to  acquit  myfelf  of  a  promife  I 
made  in  the  difcourfe  abovementioned,  of  examin¬ 
ing  whether  the  experiments  therein  contained  would 
fucceed  in  vacuo ;  and  whether  water  could  be  fu Im¬ 
pended  in  a  wide  tube  by  means  of  a  capillary  at 
top,  at  a  greater  height,  than  what  it  can  be  raifed  to 
by  the  preftlire  of  the  atmofphere. 

In  order  to  this,  I  boiled  fome  water,  and  after¬ 
wards  purged  it  of  its  air,  by  means  of  the  air-pump; 
which  being  done,  thole  experiments  all  fucceeded 
in  the  cxhaufted  receiver,  in  the  fame  manner  as  in 
they  open  air. 

The  13th  experiment  in  particular,  was  made 
with  a  tube  of  about  35  inches  in  length,  and  a  quarter 
of  an  inch  diameter,  the  top  of  it  being  drawn  out 
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into  a  fine  capillary.  Which  being  filled  with  water 
purged  of  its  air,  as  before  mentioned,  the  whole 
quantity  continued  fufpended  in  the  exhaufted  re¬ 
ceiver. 

This  plainly  fhews,  that  the  fuccefsof  that  expe¬ 
riment  does  not  depend  upon  the  prefTure  of  the  air, 
fince  the  fmall  quantity  of  air  left  in  the  receiver  was 
by  no  means  capable  of  fuftaining  the  water  at  fo 
great  a  height,  and  confequently  that  the  height,  at 
which  water  may  be  fufpended  in  this  manner,  is  not 
limited  by  that  prefTure. 

But  here  I  muft  not  omit  taking  notice  of  a  con- 
fiderable  difficulty, which  prefents  itfelf  to  thofe  who 
attentively  confider  this  experiment.  In  order  to 
make  which  the  better  appear,  it  will  be  proper  to 
obferve,  what  happens,  when  a  fimple  capillary  tube 
is  filled  with  water  purged  of  air,  and  inclofed  fti 
the  exhaufted  receiver. 

In  this  cafe  the  whole  column  of  water  contained 
in  the  tube,  acb ,  Fig.  53,  is  fufpended  by  the  at¬ 
traction  of  the  annulus  at  the  top  of  the  tube,  a  : 
and  though  that  annulus  does  not  immediately  a 61 
upon  any  part  of  the  water,  except  what  is  either 
contiguous  to  it,  or  fo  near  as  to  be  within  the  fphere 
of  its  attrablion,  which  extends  but  to  a  very  fmall 
diftance  ;  yet  it  is  impoffible,  that  any  other  part  of 
the  water,  as  for  inftance  that  at  r,  fhoiild  part  from 
the  water  above  it,  and  fink  down  *,  becaufe  its  de¬ 
ice  nt  is  oppofed  by  the  attraction  of  the  contiguous 
annulus  at  c.  For  this  being  equal  to  the  upper  an¬ 
nulus  at  is  capable  of  fuftaining  a  column  of  wa¬ 
ter  of  the  length  ab ,  and  confequently  is  more  than 
fufficient  for  fapporting  the  column  of  water  below 
it,  cb.  From  which  it  is  plain,  that  no  part  of  the 
water  contained  in  the  tube  can  poffibly  defeend,  un- 
lefs  the  upper  part,  affifted  by  the  weight  of  the  wa¬ 
ter 
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ter  below  it,  be  fufRcient  to  overcome  the  attraftioa 
of  the  annulus  of  glafs  at  a , 

But  in  fuch  a  compound  tube,  as  that  made  ufe 
of  in  our  experiment,  acby  Fig.  54,  the  cafe  is  very 
different,  and  it  does  not  eafxly  appear,  why  mu  va¬ 
cuum  any  part  of  the  water  in  the  wider  part  of  the 
tube,  as  for  example  ate,  lhould  not  leave  that  which 
is  above  it  and  defeend  ;  ftnee  the  annulus  at  c  is  by 
much  too  wide  to  fuftain  a  column  of  water  of  fo 
great  a  length  as  cb. 

The  beft  anfwer  I  can  give  to  this  difficulty  is* 
that  the  cohefion  between  the  water  contained  in  the 
capillary  and  that  below  it,  is  fufficient  to  ballance 
the  weight  of  the  column  fufpended.  But  how  far 
this  cohefion  may  depend  upon  the  preffure  of  a  me¬ 
dium,  fubtile  enough  to  penetrate  the  receiver,  is 
worthy  of  confideration.  For  though  fuch  a  medium 
will  pervade  the  pores  of  the  water,  as  well  asthofe 
of  the  glafs,  yet  it  will  aft  with  its  intire  preffure  up¬ 
on  all  the  folid  particles,  if  I  may  fo  call  them,  of 
the  furface  of  the  water  in  the  ciflern  *,  whereas  fo 
many  of  the  folid  particles  of  the  water  in  the  tube, 
which  happen  to  lie  direftly  under  the  folid  parti¬ 
cles  of  the  water  above  them,  will  thereby  be  fecured 
from  this  preffure  ;  and  confequently  there  will  be  a 
lefs  preffure  of  this  medium  upon  any  furface  of  the 
water  in  the  tube  below  the  capillary,  than  upon  an 
equal  furface  of  the  water  in  the  ciflern.  So  that  the 
column  of  water  fufpended  in  the  tube  may  be  fu- 
flained  by  the  difference  between  thofe  two  pref- 
fures.  This  explication  feems  to  be  favoured  by  the 
following  experiments,  which  may  all  be  accounted 
for  in  the  fame  manner,  though  I  fhall  anon  men¬ 
tion  another  caufe,  which  contributes  to  the  fucceis 
of  the  firft  and  fecond. 

The  firft  I  fhall  mention  is  the  famous  experiment 
of  the  fufpenfion  of  mercury  purged  of  air,  to  the 
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height  of  70  or  75  inches,  in  the  Torricellian-tube, 
in  the  open  air.  To  which  we  may  add  the  fuftaining 
of  mercury,  likewife  purged  of  air,  within  the  ex- 
haufted  receiver,  as  related  by  the  learned  Monk 
Papin  in  his  Continuation  du  Digefteur.  I  forbear  to 
mention  the  fufpenfion  of  water  purged  of  air  in 
the  Vacuum ,  which  he  defcribes  in  the  fame  book  *, 
becaufe  there  is  little  difference  between  that  expe¬ 
riment  and  our  own  above-mentioned  ;  the  very 
top  of  the  arched  part  of  his  tube,  which  top  we 
may  fuppofe  as  fmall  as  we  pleafe,  fupplying  the 
place  of  the  fine  capillary  at  the  top  of  our  tube. 
But  we  muff  not  omit  the  experiments  made  by  the 
famous  Monf.  Huygens ,  and  defcribed  by  him  in  Phi- 
lofoph.  Tranfaft.  N°  86,  of  the  cohering  of  polifhed 
plates,  with  a  confiderable  force  in  the  exhaufted  re¬ 
ceiver  ;  as  likewife  of  the  running  of  water  and  mer¬ 
cury,  when  purged  of  air,  through  a  fiphon  of  une¬ 
qual  legs  in  the  vacuum:  all  which  he  accounts  for 
from  the  fame  principle,  and  much  in  the  fame  man¬ 
ner,  as  we  have  ufed  for  explaining  the  experiment 
above, 

ill.  As  to  the  exiftence  of  fuch  a  medium,  I  fhall 
content  myfelf  to  refer  to  what  has  been  faid  by  our 
illuftrious  Prefident  in  the  Queries  at  the  latter  end 
of  the  laft  edition  of  his  Opticks.  And  as  i  have 
lately  had  the  honour  to  entertain  the  Society  with 
fome  experiments  upon  quickfilver,  which  were  ex¬ 
actly  the  reverfe  of  thofe  made  by  Dr.  Taylor^  the 
late  Mr.  Haukjhee  and  myfelf,  upon  water  ;  by  which 
I  am  now  enabled  to  throw  this  whole  affair  into  a 
little  fyftem  by  itfelf,  I  fhall  lay  it  down  in  the  fol¬ 
lowing  proportions,  the  proof  of  which  is  contained 
in  the  experiments  annexed. 

Prop.  1.  Phe  particles  of  water  attract  one  another . 

This,  I  think,  is  now  univerfally  acknowledged, 
and  therefore  needs  no  demonftration ;  the  fpheri- 
city  of  the  drops  of  rain,  and  the  running  of  two 
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drops  of  water  into  one  another  upon  their  contact, 
manifeftly  proving  it. 

Prop.  2.  The  particles  of  quickfilver  attrafi  one  an¬ 
other. 

This  is  likewife  manifeft  from  the  fpherical  fi¬ 
gure,  into  which  a  drop  of  mercury  forms  itfelf  upon 
a  table ,  and  from  two  of  them  immediately  run¬ 
ning  together,  as  foon  as  they  come  to  touch. 

Prop.  3.  Water  is  attracted  byglafs. 

This  plainly  appears  from  all  the  experiments, 
that  we  have  (hewn  upon  this  fubjebl. 

Prop.  4.  Quickfilver  is  attracted  by  glafis . 

Exp.  1.  If  a  fmall  globule  of  quickfilver  be  laid 
upon  a  clean  paper,  and  be  touched  with  a  piece  of 
clean  glafs  *,  upon  drawing  the  glafs  gently  away, 
the  quickfilver  will  adhere  to  it,  and  be  drawn  away 
with  it.  And  if  the  glafs  be  lifted  up  from  the  pa¬ 
per,  the  quickfilver  will  be  taken  up  by  it,  in  the 
fame  manner  as  a  piece  of  iron  is  drawn  up  by  the 
loadfcone,  and  will  flick  to  the  glafs  by  a  plain  fur- 
face  of  a  confide rable  breadth,  in  propoation  to  the 
bulk  of  the  drop,  as  manifeftly  appears  by  an  ordi¬ 
nary  microfcope.  Then  if  the  glafs  be  held  a  little 
obliquely,  the  drop  of  mercury  will  roll  flowly  upon 
its  axis  along  the  under  fide  of  the  glafs,  till  it  comes 
to  the  end,  where  it  will  be  fufpended  as  before. 

Exp.  2.  If  a  pretty  large  drop  of  mercury  be  laid 
upon  a  paper,  and  two  pieces  of  glafs  be  made  to 
touch  it,  one  on  each  fide  *,  upon  drawing  the  glaftes 
gently  from  each  other,  thedropof  mercury  will  ad¬ 
here  to  them  both,  and  will  be  vifibly  drawn  out 
from  a  globular  to  an  oval  ftiape  ^  the  longer  axis 
paffing  through  the  middle  of  thofe  furfaces,  in  which 
the  drop  touches  the  glaftes. 

Prop.  5.  The  particles  of  water  are  more  ftrongly 
attracted  by  glafs  than  by  one  another . 

This  manifeftly  appears  from  the  rifing  of  water 
in  fmall  tubes  above  the  level.  For  when  the  water 
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begins  to  rife  into  a  capillary  tube,  all  the  particles 
of  water,  which  touch  the  fmall  annulus  at  the  bot¬ 
tom  of  the  tube,  muft  have  quitted  the  contact  of 
the  other  water,  and  have  rifen  contrary  to  their  gra¬ 
vity*  to  come  into  contact  with  the  glafs.  After  the 
fame  manner  the  other  experiments  of  Dr.  (Taylory 
Mr.  Haukjbee  and  myfelf,  upon  this  fubjeCt,  are  eafi- 
ly  explicable.  For  upon  a  careful  examination,  it 
will  be  found  in  them  all,  thatfome  parts  of  the  water 
quit  the  cental  of  the  other  water,  and  join  them- 
felves  to  the  glafs.  - 

Prop.  6.  The  particles  of  quickfilver  are  morefirong - 
ly  attracted  by  one  another ,  than  by  glafs . 

Exp.  1.  If  a  fmall  tube  as  ab9  Fig.  55,  open  at 
both  ends,  be  dipt  into  a  glafs  vefiel  filled  with  mer¬ 
cury,  and  be  held  clofe  to  the  fide  of  the  vefiel,  that 
the  rife  of  the  mercury  within  it  may  appear ;  the 
mercury  will  partly  enter  into  the  tube,  but  will 
Hand  within  it  at  fame  depth,  as  ce ,  below  cd  the 
furface  of  the  quickfilver  in  the  vefiel,  and  this  depth 
will  always  be  reciprocally  as  the  diameter  of  the 
tube. 

In  this  experiment  a  column  of  quickfilver  of  the 
height  ce  endeavours  to  force  the  mercury  higher  in¬ 
to  the  tube  *,  and  as  glafs  has  been  already  proved  to 
attraCt  quickfilver,  the  attraction  of  the  annular  fur- 
face  on  the  infide  of  the  tube,  which  is  contiguous 
to  the  upper  part  of  the  mercury,  will'  like  wife  con- 
fpire  to  farther  its  afeent.  What  oppofes  the  afeent 
of  the  quickfilver,  is  the  power,  by  which  that  part 
of  it,  which  endeavours  to  rife  into  the  glafs*  is  drawn 
back  by  the  attraction  of  the  other  mercury,  with 
which  it  is  in  contaCt  laterally,  and  this  does  not  only 
ballance  the  attraction  of  the  glafs*  but  likewife  the 
weight  of  a  column  of  mercury  of  the  height  ce ,  and 
confequently  this  attraction  is  conficlerably  ftronger 
than  the  attraction  of  the  glafs. 
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The  caufe  therefore,  that  fufpends  the  weight  of 
the  column  of  mercury  ce,  being  the  difference  be¬ 
tween  the  attraction  of  the  annular  furface  of  the 
tube  at  e ,  and  that  of  an  equal  furface  of  the  quicklil- 
ver  in  the  ciftern,  from  which  the  mercury,  that  en¬ 
deavours  to  rife  into  the  tube,  muff:  recede,  in  order 
to  unite  itfelf  to  fuch  an  annulus  of  the  glafs,  will  al¬ 
ways  be  proportional  to  that  annular  furface,  or  to 
the  diameter  of  the  tube.  And  fince  the  column  fuf- 
tained  mull  be  proportional  to  the  caufe  that  fufpends 
it,  that  column  muft  likewife  be  as  the  diameter  of 
the  tube.  But  the  column  fufpended  is  as  the  fquare 
of  the  diameter  of  the  tube,  and  the  height  ce  con¬ 
jointly  *,  from  which  it  follows,  that  the  height  ce 
muft  be  as  the  diameter  of  the  tube  reciprocally,  as 
it  is  found  to  be  by  experiment. 

The  experiment  of  the  afcent  of  water  above  the 
level  in  a  capillary  tube,  is  juft  the  reverfe  of  this. 

Exp.  2.  Quickfilver  being  poured  into  the  in¬ 
verted  fiphon  acb ,  Fig.  56,  one  of  whofe  legs  ac  is 
narrower  than  the  other  cb\  the  height  ce,  at  which 
the  mercury  ftands  in  the  wider  leg  cb ,  is  greater 
than  the  height  cd. ,  at  which  it  ftands  in  the  narrower 
leg  ca. 

On  the  contrary,  water  ftands  higher  in  the  nar¬ 
rower  leg,  than  in  the  wider. 

Exp.  3.  In  Fig.  57,  abed  reprefents  a  re£t angu¬ 
lar  plane  of  glafs,  which  makes  one  fide  of  a  wooden 
box.  On  the  infide  of  this  is  another  glafs  plane  of 
the  fame  lize,  which  at  the  end  ac  is  preft  clofe  to 
the  former,  and  opens  to  a  fmall  angle  at  the  oppo- 
fite  end  bd»  When  mercury  is  poured  into  this  box 
to  any  height  as  ce ,  it  insinuates  itfelf  between  the 
two  glafs  planes,  and  rifing  to  different  heights  be¬ 
tween  the  glaffes,  where  the  opening  is  greater  or 
kfs,  it  forms  the  common  hyperbola  cgf\  one  of 
whofe  asymptotes,  ef  is  the  line  on  which  the  furface 
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of  the  mercury  in  the  box  touches  the  inner  glafs; 
the  other  is  the  linear,  in  which  the  planes  are  joined. 
This  hyperbola  being  carefully  examined  by  Mr. 
Haukjbee  and  myfelf,  the  re6tangles  ehg%  wherefoever 
taken,  proved  always  equal  to  one  another,  to  as  great 
an  accuracy  as  could  be  expected,  when  the  planes 
were  opened  to  any  confiderable  angle:  but  when  the 
opening  was  very  fmall,the  inequalities  of  the  planes, 
though  the  belt  I  could  procure,  bearing  a  greater 
proportion  than  before  to  the  diftance  between  them, 
occafioned  a  fenfible  variation.  Which,  by  the  way, 
I  take  to  be  the  reafon,  why  the  ordinates  found 
the  late  Mr.  Haukjbee ,  in  in  examining  the  curve 
produced  in  a  contrary  fituation,  upon  dipping  two 
glafs- planes  fo  joined  into  fpirit  of  wine,  do  notan- 
fwer  to  thofe  of  the  hyperbola. 

Exp.  4.  In  Fig.  58,  ah  is  a  perpendicular  fecfion 
through  two  glafs  planes  joined  at  and  opened  to  a 
fmall  angle  at  b\  c  reprefen ts  a  pretty  large  drop  of 
mercury,  the  larger  the  better,  which  being  made  to 
defcend  as  far  as  r,  by  holding  the  planes  in  an  ereft 
poflure,  with  the  end  a  downwards,  retires  from  the 
contadl  of  the  planes  to  d,  upon  inclining  the  planes 
towards  an  horizontal  fituation *,  and  the  diftance  cd 
becomes  greater  or  lefs,  as  the  planes  are  more  or 
lefs  inclined  towards  the  horizon. 

A  drop  of  any  oily  or  watery  liquor  moves  the 
contrary  way,  as  has  been  fhewn  by  the  late  Mr, 
Haukjbee . 

Exp.  5.  In  Fig.  59,  ah  is  a  tube  open  at  both 
ends,  and  a  foot  or  two  in  length,  whole  lower  part 
is  drawn  out  into  a  fine  capillary  at  b.  This  tube  be¬ 
ing  filled  with  mercury,  the  whole  column  of  quick- 
filver  will  be  fuftained  in  it,  provided  the  capillary 
tube  at  b  be  fufficiently  fmall.  But  if  the  mercury  in 
the  end  b  be  fuffered  to  touch  any  other  mercury,  it 
runs  all  out  of  the  tube.  If,  without  letting  it  touch 
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any  other  mercury,  a  fmall  part  of  the  end  b  be 
broken  off,  the  mercury  will  run  out,  till  it  comes 
to  fome  leffer  height  as  bcj  at  which  it  will  again 
Hop,  the  height  be  being  nearly  in  a  reciprocal  pro* 
portion  to  the  diameter  of  the  fmall  -  end  of  the- 
tube. 

The  feventh  experiment  in  the  former  paper  is 
the  reverfe  of  this. 

Exp.  6.  Is  the  fame  in  fubftance  with  the  former^ 
but  made  with  a  large  glafs-funnel  ab,  inftead  of  a 
tube.  Fig.  60. 

The  reverfe  of  this  in  water  is  the  thirteenth  ex* 
periment  in  the  former  paper. 

In  all  thefe  experiments  it  is  eafily  feen*  that  the 
effect  is  owing  to  the  difference  between  the  two  at¬ 
tractions,  by  which  mercury  tends  to  glafs  and  to  its 
own  body ;  they  being  always  oppofed  to  one  ano¬ 
ther,  fo  that  a  particular  explication  is  no  way  ne* 
ceffary.  But  perhaps  it  may  fave  fome  little  trouble 
to  the  reader,  to  remove  the  following  objection^ 
which  will  readily  occur  to  him. 

,  In  the  experiments  brought  to  demonflrate  the 
fourth  propofition,  the  globule  of  mercury  adheres 
to  the  glafs  in  a  plane  furface,  which  cannot  be  done 
without  increaling  the  furface  of  the  globule,  and 
confequently  removing  fome  of  its  particles  from 
the  contadl  of  one  another.  If  therefore  they  tend 
more  ftrongly  to  one  another  than  to  the  glafs,  why 
do  they  not  recede  from  the  glafs,  and  affume  a  fi¬ 
gure  perfectly  fpherical,  that  they  may  all  have 
the  greateft  contact  with  each  other  ? 

To  this  we  may  anfwer,  that  the  power  by  which  . 
mercury  is  attracted  either  by  glafs,  or  by  other 
mercury,  is  proportional  to  the  attracting  furface  5 
and  therefore,  though,  c ceteris  paribus ,  the  tendency 
of  mercury  to  glafs,  is  not  fo  ftrong  as  its  tendency 
to  other  mercury,  yet  in  this  cafe  a  much  greater 

R  number 


o/t2  Of  the  aBion  of  glafs  tubes 

number  of  mercurial  particles  coming  into  contact 
with  the  glafs,  than  what  recede  from  the  contaCl  of 
one  to  another,  it  is  no  wonder  that  the  attraction  of 
the  glafs  prevails,  and  caufes  the  globule  to  adhere 
to  it.  For  the  number  of  mercurial  particles  which 
lofe  their  contaCt  with  the  other  mercury,  is  no  more 
than  what  makes  up  the  difference  of  furface,  which 
iirifesfrom  changing  the  figure  of  the  drop ;  whereas 
the  particles,  which  by  this  means  come  to  adhere  to 
the  glafs,  are  all  thofe  that  conilitute  the  plane  fur-  , 
face,  in  which  the  globule  touches  it. 

Which  confideration  ought  likewife  to  be  applied 
to  the  fufpenfion  of  quickfilver  in  glafs-tubes,  either 
at  extraordinary  heights  in  the  open  air,  or  at  leffer 
heights  in  a  vacuum ,  as  above-mentioned.  For  the 
top  of  the  tube  being  fpherical,  or  nearly  fo,  it  will 
be  found,  that  the  contaCt  of  the  mercury  with  the 
extremity  of  the  tube,  is  to  the  contaCt  with  other 
mercury,  which  would  be  gained  by"  its  leaving  the 
top  of  the  tube,  and  defcending  a  very  fmall  fpace 
in  a  ratio  infinitely  great;  and  confequently  that  the 
contact  of  the  mercury  with  the  top  of  the  tube  is 
one  caufe  of  its  fufpenfion. 

Coro!,  i.  From  this  proportion  it  appears,  that  in 
a  barometer  made  with  a  narrow  tube,  the  quickfil¬ 
ver  will  never  frand  at  fo  great  a  height  as  in  a  wider. 
Which  accounts  for  the  phenomenon  fo  often  men¬ 
tioned,  in  the  yearly  hiftorv  of  the  Royal  Academy 
of  Sciences  at  Paris,  by  Monf  De  la  Hire  ;  that  in 
the  barometer,  which  he  conftantly  made  ufe  of  for 
his  annual  obfervations,  the  quickfilver  did  not  rife 
fo  high,  as  in  another  he  kept  by  him,  by  about 
three  lines  and  a  half,  which  is  near  a  third  of  an  inch 
our  meafure  :  for  he  tells  us,  that  the  tube  of  his  ba¬ 
rometer  is  very  fmall.  So  that  there  is  no  need  to 
have  recourfe  to  any  peculiarity,  either  in  the  quick¬ 
filver  or  the  glafs  of  which  that  tube  was  made;  or 
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to  an  unperceived  remnant  of  air  left  in  the  tube* 
from  fome  of  which  caufes  that  effedt,  and  fome  o- 
thers  of  the  fame  kind  were  imagined  to  proceed. 

Carol .  2.  In  a  barometer  made  with  a  fmall  tube* 
the  mercury  will  rife  and  fill  irregularly.  For,  as 
the  height  of  the  mercury  depends  partly  upon  the. 
diameter  of*that  part  of  the  tube  that  touches  the 
upper  furface  of  the  mercury,  it  is  plain,  that  the* 
unavoidable  inequalities  in  the  diameter  of  the  tube 
will  be  more  confiderable,  in  refpebl  to  the  whole 
diameter  •,  and  confequently  will  affedt  the  height 
of  the  mercury  more  in  a  fmall  tube  than  in  a  wider. 
And  this  I  take  to  be  the  reafon  why  it  is  fo  very 
difficult,  not  to  fay  impoffible,  to  make  two  barome¬ 
ters  which  fhall  exablfy  agree  in  the  height  of  the 
quickfilver  in  all  confutations  of  the  air,  efpecially 
it  the  tubes  be  very  narrow.  This  irregularity  is  fill 
more  confiderable  in  the  pendent  barometer,  in 
which  the  quickfilver  moves  through  a  large  fpace, 
in  oi*der  to  make  a  fmall  alteration  in  the  length  of 
the  column  fufpended.  The  fame  confederation  is  ea- 
illyextended  to  thofe  levels,  that  depend  upon  the 
rifing  of  mercury  to  the  fame  height,  in  the  oppofite 
legs  of  a  bent  tube  *,  an  inftrument  of  which  kind  has 
been  lately  offered.  And  as  the  effebt  is  juft  contra¬ 
ry  in  levels  made  with  water  or  fpirit  of  wine,  due 
regard  ought  to  be  had  to  this  property  in  the  con- 
ftrubtion  of  thofe  inftruments,  by  making  the  tubes 
fufficiently  wide,  in  order  to  diminifh  the  error  as 
much  as  poffible. 
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9,  T^T  OTE  (b)  fed.  2.  infert  Fig.  5. 

9,  X^|  Note  W  ^ert  Fig. 

13,  line  12,  r.the  plate. 

20,  laft  line,  r.  within  the  legs,  when  the  fyphon  is  full,  will 

&c. 

40,  Note  (a)  line  3,  for  vial,  r.  bottle. 

41,  line  4,  r.  than.  _ _ 

42,  Note  (b)  line  8,  read,  A-+B. 

44,  line  24,  read,  telh 

59,  line  6,  r.  might  be. 

60,  line  3,  r.  into  England. 

61,  in  the  Table,  r.  Dry  Maple  ■■  — »«o.  755. 

62,  line  32,  r.  fulphureous. 

75,  line  1 7,  r.  poiteriori. 

76,  line  22,  for  afcend,  r.  defcend. 

83,  line  17,  r.  Peripateticks. 

84,  line  6,  dele  the. 

84,  line  24,  r.  filled  with. 

88,  line  24,  r.  breath. 

109,  line  10,  for  lefs,  read  legs. 

109,  line  31,  r.  /equilibrium . 

1^3,  line  14,  dele  the. 

J 1 3^  line  21,  r.  up  to  34. 

1 3 3>  line  23,  r.  afforded. 

240,  line  12,  r.  found  by,  dele  in. 
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A  I  R, 

its  Denfity  how  much  increafed  by  compreflion,  98, 
its  Elafticity, 
what,  87, 
how  caufed,  T05. 

equivalent  to  the  compreffmg  force,  88. 
equivalent  to  the  weight  of  the  atmoiphere,  88. 
direCtly  as  its  denlity,  94. 
reciprocally  as  the  fpace  it  poffeffes,  94. 
its  Specifick  Gravity, 

determined  feveral  ways,  92  (c),  93,  153,  201. 
by  Galileo ,  155. 
by  Merfennits ,  158. 
by  Hauhjbee ,  1 59- 

the  medium  that  propagates  founds,  1.6-8. 

its  undulations  or  pulfes  explained,  1 72. 

compreffed,  has  different  effects  from  thofe  of  common  air,  192. 

compreffed,  confumes  more  fuel  than  common  air,  197. 

artificial, 

produced  by  fermentations,  diffolutions,  and  fire  in  vacuo, 
185,  197,  198. 

its  production  helped  and  hindered  feveral  ways,  1  87,  1 88. 

has  different  effects  from  thofe  of  common  air,  1 90. 

its  effects  upon  animals,  1 94. 

its  Spring  not  altered  in  a  long  time,  201, 

may  be  partly  deftroyed,  202. 

Air-pump, 

invented  by  Otto  Guericke ,  1 30. 
improved  by  Mr.  Boyle,  132. 
improved  by  Mr.  Hauhjbee ,  137. 
exhauits  air,  in  what  manner,  1 3  8. 

rarefies  the  air  in  a  receiver  to  any  given  degree,  fhewn’  by 
tables,  146. 

cannot  exhault  the  whole  air,  138,  142. 
its  Gage  conlidered,  142. 

Animals, 

how  affected  by  artificial  air,  194. 
how  by  a  vacuum,  1 96. 

ARCHIMEDES ,  firlt  cultivated  Hydroftaticks,  2. 
firft  determined  the  fpecifick  gravity  of  bodies,  48. 
determined  the  allay  in  K.  Micro's  crown,  48. 
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his  book  de  Injldentibus  Humido  confidered,  37,  48. 

Ascent  (and  Defcent)  of  bodies  in  fluids  explained,  37,  39* 
of  bubbles  and  images,  46. 

Atmosphere, 
its  Preflure, 

flrfl:  fuggefted  by  Galileo ,  2,  1 13. 
proved  by  the  Torricellian  experiment,  72. 
proved  by  the  Pafcalian  experiment,  82. 
proved  by  combining  different  fluids  in  a  tube,  84,  89,  91  [b)« 
diminifhed  in  afcending  upwards,  92  (c),  93,  94. 
how  great  upon  the  whole  earth,  94. . 
its  Rarity  at  any  altitude  determined,  99,  102,  162,  167  (a), 
its  Altitude,  how  limited,  98. 

how  great,  if  reduced  every  where  to  the  denfity  here  below, 
97- 

has  fenfible  effefls  to  what  height,  104. 

Attra  c t ion, 

of  particles  of  water  by  one  another,  236. 
of  particles  of  quickfilver  by  one  another,  237, 
of  water  by  glafs,  121,  237. 
of  quickfilver  by  glafs,  23 7. 

of  water  by  glafs  greater  than  by  the  water  itfelf,  237. 
of  quickfilver  by  glafs  lefs  than  by  the  quickfilver  itfelf,  23  8* 
of  quickfilver  by  glafs  planes,  239. 
of  water  by  glafs  planes,  240. 

AZOV  Vs  experiment  upon  the  barometer,  77  [a), 
decifive  in  favour  of  the  air’s  preflure,  77. 

R  :> 

J3a llance,  Hydroftatical  deferibed,  53  (a). 

Compound,  deferibed,  40 '{a),  50. 

Barometer,  how  made,  71  (a). 

how  it  predi&s  the  changes  of  weather,  205., 
pendent,  its  irregularities,  243. 

Bellows,  hard  to  be  opened,  its  vents  being  ilopt,  107* 
BOYLE's  Statical  Barofcope,  45. 

Experiments  upon  factitious  airs,  132. 

V alue  for  hydroftaticks,  7 1 . 

Hydroftatical  paradoxes,  14. 

Bucket  full  of  water,  its  weight  not  perceived  while  in  water, 
7>  43- 

C. 

1 

Capillary  Tubes,  and  Siphons, 
their  phenomena  confidered,  1 1 5. 
their  phenomena  the  fame  in  vacuo  as  in  the  air,  1 1 8,  124. 

1  their 
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their  phenomena  folvable  by  attraction,  in,  123. 
caufe  of  their  phaenomena  mifunderitood,  224. 
caufe  of  their  phaenomena  detected,  227. 
fpontaneous  afcent  of  water  explained,  230. 
can  fafpend  any  afflgnable  quantity  of  water,  230,  233. 
can  fufpend  a  large  quantity  of  quickfdver,  233. 
CASWELL' s  experiment  with  a  barometer  upon  Snowdon  Hill \ 
94- 

Center  of  Pressure,  what,  33. 
how  determined  upon  any  plane,  33,  36. 
when  the  fame  as  the  center  of  percuflion,  34. 

Combination  of  different  fluids  in  a  tube,  84,  89,  91  (< b )a 
Condenser  and  its  gage,  150,  151. 

Cubick  foot  of  water  weighs  1000  averdupois  ounces,  64. 
Cupping-glass,  its  effects,  108,  in. 

Custom,  its  great  power  over  reafon,  130. 


Descent  and  afcent  of  bodies  in  fluids  explained,  37,  39,  40 

(a). 

Divers  under  water  fuftain  great  prelTure,  7,  35. 
but  feel  no  pain,  7. 

E. 

Elastic  ity  of  air,  its  properties,  87,  88. 
its  caufe  fuggefted,  105. 

F. 

Flesh,  how  preferved  a  long  time,  203. 

Floating  of  bodies  upon  fluids  explained,  39,  40  (a),  42,  47, 

Fluidity,  what,  3. 

Fluids,  prefs  equally  every  way,  9  (£),  26. 
gravitate  upon  one  another,  9  (r). 
their  particles  not  neceflarily  in  continual  motion,  121. 

Force  of  afcent  and  delcent  of  bodies  in  fluids,  37,  39,  40  {a). 

Fossils,  how  explored,  69. 

Fuga  vacui,  a  falfe  caufe  of  phaenomena,  73,  107. 
exploded  by  Galileo ,  1 1  3 . 

G. 

GALILEO ,  firfl  fuggefted  the  air’s  preflure,  2,  113,  1 54* 
determined  the  air’s  fpecifick  gravity,  133. 

Ee  ometry,  how  enlarged  by  hydroftaticks,  63. 

Gravity,  an  univerfal  quality  of  matter,  5. 
of  fluids  in  proprio  loco ,  6,  8  («),  44, 
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diftingulfhcd  into  abfolute  and  relative,  43. 
relative  unchangeable  in  water  at  all  depths,  44, 
relative  changeable  in  the  air,  45. 
fpecifick,  what,  48. 

fpecifick,  how  determined  in  fluids  and  folids,  49,  60. 
of  common  water,  nearly  the  fame  in  all  countries,  59. 

H. 

H  AUKS  BEE' s  determination  of  the  air’s  fpecifick  gravity, 
*59- 

Heats  of  various  bodies  meafured  and  compared,  213. 

HIE  RO'ls  crown  analyfed,  67. 

HO  OK's  folution  of  the  phenomena  of  capillary  tubes,  116. 

proved  infufficient,  1 1 8,  120. 

HUGE  NIU  S's  character  of  Newton's  Principia ,  130, 

Hy  D  ROST  AT1CK3,  what,  4. 

Hr  ft:  cultivated  by  Archimedes ,  2,  37,  48,  67. 
ufeful  to  philofophers  and  artifts,  68. 
enlarges  our  geometry,  63, 
improves  our  ftaticks,  63. 

I 

Images  and  bubbles  afcend  and  defcend  in  watera  46, 

L. 

Light,  not  propagated  by  a  fluid,  1 77. 
its  velocity,  1 76. 

LINUS ,  his  folution  of  the  phenomena  of  the  Torricellian  tube, 

74- 

M. 

Magnitudes  of.  bodies  determined  by  their  weights  and  fpeci¬ 
fick  gravities,  63,  65. 

Meteor  in  the  fhape  of  a  femicircle,  103. 

Mixture  of  metals  given,  to  find  the  proportion  of  the  ingre¬ 
dients,  67,  68  (a). 

Motion  perpetual,  unfuccefsfully  attempted,  223„ 

Musical  progreffion  explained,  1 5 1 . 


O. 

OTTO  GUE  RICKE's  invention  of  an  air-pump,  130. 
Ounce,  averdupois  contains  437  f  grains  Troy,  64. 
Roman,  nearly  equal  to  the  averdupois,  64. 


P. 

PA  SC  A  Us  experiments, 
of  barometers  with  water  and  wine, 
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with  a  barometer  upon  the  Puis  de  Domme,  93. 
fhewing  why  fyphons  flow,  1 1  [a). 

Plates  polifhed  flick  together,  21,  107,  109,  114, 

Posture  of  floating  bodies,  47. 

Preservation  of  bodies  in  comprefled  liquors,  204, 
Pressure  of  a  fluid, 

propagated  every  way  alike  9  [b),  2  6„ 

its  general  effedts,  1 1. 

fuftains  the  heavieft  bodies,  11  (a),  12,  14. 

detains  the  lighted  bodies,  1 1  (a),  15,  17. 

caufes  fyphons  to  run,  11  (a),  19,  20  (b). 

caufes  water  to  afcend  in  pipes,  pumps,  and  fyringes,  iS,  21, 

caufes  polilhed  plates  to  cohere,  2 1 . 

its  quantity  as  the  depth  of  the  part  prefled,  23,25  («). 

its  quantity  fuftained  by  the  fides  of  a  cubical  veflel,  27. 

its  quantity  fuftained  by  a  plane  furface,  29,  30. 

its  quantity  fuftained  by  any  curve  furfaces,  30,  31, 

its  quantity  fuftained  by  a  diver,  7,  3  5. 

its  center  what,  and  how  found,  33,  36. 

of  the  atmofphere  at  different  altitudes,  92,  93. 

of  the  atmofphere  upon  the  whole  earth,  94, 

Pumps  explained,  18,  21,  107,  113. 


Quicksilver  attracts  glafs  lefs  than  its  own  particles,  124  («), 
241. 

below  the  level  in  capillary  tubes,  1 24  (a). 

fufpended  in  a  tube  to  extraordinary  heights  in  vacuo,  236,  241. 

*  '■  /'  ' 

R. 

Rar  ef  action  of  Linfeed  oil  by  heat,  217,  219  [/). 
of  air  and  Linfeed  oil  compared,  21  8. 
of  fpirit  of  wine  and  Linfeed  oil  compared,  218  (d), 
Receiver,  in  what  manner  evacuated  by  an  air  pump,  139. 
cannot  be  quite  evacuated,  142. 

S. 

Siphon  explained,  11  (a),  19,  20  (b),  108,  114. 

S  L  ARE'?,  experiment  of  mixing  two  liquors  in  vacuo,  1 85.. 
Sounds,  ' 

propagated  by  the  air  alone,  168. 
not  tranfmitted  thro’  a  vacuum,  169. 
propagated  in  what  manner,  170,  173. 
propagated  in  all  dire&ions,  1 7 1,  1 74. 

“  their 


INDEX. 

\  t  ,  \ 

their  velocity  determined,  1 8 1 . 

their  velocity  altered  by  winds,  i  82. 

their  velocity  altered  by  heat  and  cold,  1 83. 

Specifick:  Gravity  of  bodies, 

determined  by  the  hydroftatical  ballance,  48- — 60, 
determined  by  their  weights  and  magnitudes,  63,  65. 
fhewn  by  a  Table,  61 . 

Spirit  of  wine  hinders  the  production  of  air,  190. 
imbibes  air  very  faft,  205  (a). 
not  compreflible  by  a  great  force,  201. 

Standard  altitude  different  in  different  tubes,  242. 

St  at  re  ks  improved  by  hydrodaticks,  63. 

Statical  Theorem  demonftrated,  32  (b). 

Suction,  how  performed,  108,  112. 

Surfaces  of  Fluids,  fome  concave,  fome  convex,  124* 
Syringe  explained,  18,21,  107,  112. 

Swimming  ,of  a  body  between  two  fluids,  41,  42  [b)» 


T. 

Thermometers  fo  condru&ed  as  to  denote  the  fame  degrees 
of  heat,  tho’  never  adjuded  to  one  another,  219. 
Torricellian  Tube,  its  phenomena,  71  (a),  72. 

Table,  of  fpecifick  gravities  of  bodies,  61. 
of  the  number  of  turns  of  an  air-pump  for  rar 
given  degree,  146. 

U, 

Vacuum  at  the  top  of  a  barometer,  8r. 

Undulations  of  water  and  air  compared,  1 7 1 ,  178, 

TV. 

IV A L  L  IS's  experiment  of  weighing  a  barometer,  79  («), 
Water  in  all  countries  has  nearly  the  fame  weight,  59. 

weighs  1000  averdupois  ounces  per  cubick  foot,  64. 
Weather-Glass.  See  Barometer. 

Weights  ancient  and  modern  compared,  64. 

Weights  of  bodies  in  fluids,  abfolute  and  relative,  43,  43. 

determined  by  their  magnitudes  and  fpecifick  gravities,  63 ,63. 
Winds,  their  velocity,  182. 

Woo  d,  its  fubftance  heavier  than  Water,  61  (a). 
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Printing  at  Cambridge  in  Quarto,  and  will  be  publifhed  by 
the  latter  end  of  May  or  the  beginning  of  J-une, 

A  COMFLEAT  SYSTEM  OF  OPTICKS  in  four  Books,  VIZ. 

a  Popular,  a  Mathematical,  a  Mechanical  and  a  Philo- 
fophical  T reatife :  to  which  are  added  Remarks  upon  the 
whole,  by  Robert  Smith,  LL.  D.  Matter  of  Me- 
chanicks  to  HIS  MAJESTY,  and  Profettbr  of  Aftrono- 
my  and  Experimental  Philofophy  at  Cambridge. 

Sola  by  Corn.  Crofwnjield  Printer  at  Cambridge ,  and  S.  Auflen 
Bookfeller  at  the  Angel  and  Bible  in  St.  FauFs  Church¬ 
yard,  London;  and  by  them  delivered  to  the  Subfcribers,  on 
payment  of  the  remaining  half  guinea:  the  price  of  the  Books 

unfubfcribed  for  is  25  flail,  the  fmall  paper,  and  3  6  the  larger. 

* 

Where  likewife  may  be  had, 

HARMONIA  MENSURARUM, ,  five  Analyfis  6t 
Synthetts  per  Rationum  6c  Angulorum  Menfuras  promote : 
accedunt  alia  Opufcula  Mathematica,  per  Rogerum 
Qjtesiumj  Edidit  6c  Auxit  Robertus  Smith, 
Collegii  S.  Tri'nitatis  apud  Cantabrigienfes  Socius,  Aftrono- 
miae  6c  Experimentalis  Philofophite poft Cqtesium  Pro- 
feffor:  Cantabrigi^e.  mdccxxii.  4*°. 


BOOKS  Printed  for  Stephen  Austen,  at  the 
Angel  and  Bible  in  St.  Paul’s  Church-yard. 


In  the  Prefix 

I.  r  f~"' H £  Elements  of  Sir  Isaac  Newton’s  Philofophy 
JL  explain’d  and  adapted  to  all  Capacities.  Tranilated 
fom  the  French  of  the  celebrated  Monsieur  de  Voltaire. 

IX.  A  Compendious  and  Methodical  Account  of  the  Principles 
of  Natural  Philofophy,  as  explained  and  illullrated  in  the  Courfe 
of  Experiments,  performed  at  the  Academy  in  Little  Tower- 
Street.  By  Ben  j  am  in  Worst  e  r,  A.  M.  The  Second  Editi¬ 
on.  Revifed  and  Corrected,  with  large  Additions,  by  the  Au¬ 
thor,  8'°. 

III.  The  Ufefulnefs  of  the  M  a  t  h  e  m  a  t  i  c  s  demonffrated :  Be¬ 
ing  Mathematical  Lectures  read  in  the  public  Schools  at 
the Univ^rfity  of  Cambridge.  By  Isaac  Barrow,  D.  D.  Pro- 
ielfor  of  the  Mathematics ,  and  Mailer  of  Trinity  College.  To 
which  is  prefixed.  The  Oratorical  Preface  of  our  Learn¬ 
ed  Author,  fpoke  before  the  Univerfity,  on  his  being  elefted  Lu¬ 
casian  ProfelTor  of  the  Mathematics.  Tranilated  by  the  Reve¬ 
rend  Mr.  John  Kirk  by,  8vo: 

IV.  Geometrical  Lecture  s,  read  before  the  Univerfity 
of  Cambridge.  By  Isaac  Barrow,  D.  D.  Tranilated  by 
Edmund  Stone,  F.  R.$.  8vo. 

V.  A  Compleat  System  of  GENERAL  GEOGRA¬ 
PHY:  explaining  the  Nature  and  Properties  of  the  Earth ;  *uiz. 
Its  Figure,  Magnitude,  Motions,  Situation,  Contents,  and  Divi¬ 
sion  into  Land  and  Water,  Mountains,  Woods,  Defarts,  Lakes, 
Rivers,  Cfc.  With  particular  Accounts  of  the  different  Appear¬ 
ances  of  the  Heavens  in  different  Countries ;  the  Seafons  of  the 
Year  over  all  the  Globe;  the  Tides  of  the  Sea;  Bays,  Capes, 
Iffands,  Rocks,  Sand  Banks,  Shelves,  Cfr.  Written  originally  in 
Latin,  by  Bernhard  Varenius,  M.  D.  Illuftrated  with  Dr. 
Jurin  and  Sir  Isaac  Newton’s  Notes.  In  2  vol.  8vo. 

VI.  The  Philosophi  cal  Transactions,  from  the  Year 
1 720  to  the  Year  1733,  Abridged  and  Difpofed  under  general 
Heads ;  being  a  Continuation  of  Lowthorp  and  Jones,  2  Vols. 
4t0.  By  Mr.  Eames,  F.  R.S.  and  J.  Martyn,  F.R.S. 

VII.  Bibliotheca  Histoiiico-Sacra  ;  or,  an  Histo¬ 

rical  Library  of  Matters  relating  to  Religion  ;  Ancient  and 
Modern  ;  Pagan ,  ‘JewiJb ,  Chrijlian ,  and  Mohammedan ,  under 
4he. following  Heads ;  1.  Objects  of  Religious  Worlhip,  Deities , 
Idols ,  &e.  2.  Places  of  Religious  Worlhip,  Temples ,  Churches , 

Mofques,  &c.  3.  Perfons  dedicated  to  Religion,  Priejis ,  Religious 

i  Orders,  See.  4.  Times  of  Religious  Worlhip,  Fajls,  Fefiiajals , 
&c.  5.  Sacred  Books  and  Writings,  &c.  6.  Sefls,  Here'fies, 

Doctrines, 
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DoCtrines,  Opinions,  &c.  7.  Rites,  Ceremonies,  Utenfils,  Ha¬ 

bits,  &it.  Comprehending  likewife  a  View  of  the  feveral  Religi¬ 
ons  of  the  World,  with  refpedt  to  the  People  or  Nations  profeffmg 
them.  Alfo  an  Hiftorical  and  Critical  Differtaticu  on  the  Rile 
and  Progrefs  of  true  and  falfe  Religions  in  all  Ages  of  the  World. 
The  whole  compiled  from  the  belt  Authorities,  and  digehedinto 
an  Alphabetical  Order.  By  Thomas  Broughton,  A.*M. 
Reader  at  the  Petnple  Church. 

VIII.  The  Works  of  the  Right  Reverend  George  Bull, 
D.  D.  late  Bifhop  of  St.  Davids.  Concerning  the  Holy  TRI¬ 
NITY.  Confifting  of,  1 .  The  Defence  of  the  Nicene  Creed. 
2.  The  Judgment  of  the  Catholic  Church,  of  the  three  firft  Cen¬ 
turies,  concerning  the  Neceffity  of  believing  that  our  Lord  J  E- 
SUS  CHRIST  is  true  GOD,  afferted  again!!  M.  Simon Epif- 
copius ,  and  others.  3.  The  Primitive  and  Apoftolical  Tradition 
concerning  the  received  Doctrine  of  the  Catholic  Church,  of  our 
Saviour  JESUS  CHRIST’S  Divinity,  afferted  and  plainly 
proved  again!!  Daniel  Zuicker ,  a  Prujjian ,  and  his  late  Difciples 
in  England.  Tran  Hated  into  Englijh,  with  the  Notes  and  Obfer- 
vations  of  Dr.  Grahe.  And  fome  Reflexions  upon  the  late  Con- 
troverfies  in  this  Dodtrine.  In  two  Volumes.  By  Francis 
Holland,  M.  A.  Redtor  of  Satton,  Wilts ,  and  Chaplain  to  the 
Right  Honourable  Thomas  Lord  Vifcount  Weymouth. 

IX.  Dittionarium  P  olygraphicum :  Or,  the  whole  Body  of  Arts 
regularly  digefted.  Containing,  1.  The  Arts  of  Deflgning, 
Drawing,  Painting,  Walhing  Prints,  Limning,  Japanning,  Gild¬ 
ing,  in  all  their  various  Kinds.  Alfo  Perfpedtive,  the  Laws  of 
Shadows,  Dialling,  UrV.  2.  Carving,  Cutting  in  Wood,  Stone, 
Moulding  and  Calling  Figures  in  Plailler,  Wax,  Metal,  alfo  En¬ 
graving,  and  Etching  Mezzotinto.  3 .  A  brief  Hiftorical  Account 
of  the  moft  confiderable  Painters,  Sculptors,  Statuaries,  and  En¬ 
gravers,  with  thofe  Cyphers  or  Marks  by  which  their  Works  are 
known.  4.  An  Explanation  of  the  Emblematical  and  Hierogly- 
phical  Reprefentations  of  the  Heathen  Deities,  Powers,  Human 
Paflions,  Virtues,  Vices.  &c.  of  great  Ufe  in  Hiflory  Painting. 
5.  The  Produ&ion,  Nature,  Refining,  Compounding,  Tranfmu- 
tation,  and  Tinging  all  Sorts  of  Metals  and  Minerals  of  various 
Colours.  6.  The  Arts  of  Making,  Working,  Painting,  or  Stain¬ 
ing,  all  Sorts  of  Glafs  and  Marble ;  alfo  Enamels,  the  Imitation 
of  all  Sorts  of  Precious  Stones,  Pearls,  & c.  according  to  the 
Practice  both  of  the  Ancients  and  Moderns.  7.  Dying  all  Sorts 
of  Materials,  Linnen,  Woollen,  Silk,  Leather,  Wobd,  Ivory, 
Horn,  Bone  ;  alfo  Bleaching  and  Whitening  Linnen,  Hair,  Cfr. 
8.  The  Art  of  Tapeftry -Weaving,  as  now  performed  in  England, 
Flanders,  and  France ,  either  of  the  high  or  low  Warp;  alio  ma¬ 
ny  other -curious  Manufadturies.  9.  A  Defcription  of  Colours, 
Natural  and  Artificial,  as  to  their  Productions,  Natures,  or  Qua¬ 
lities., 
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lities,  various  Preparations,  Compofitions,  andUfes.  io.  The 
Method  of  making  all  Kinds  of  Inks,  both,  Natural  and  Sympa- 
thetical ;  and  alfo  many  other  Curiofities  not  here  to  be  fpecified, 
whereby  this  is  rendered  a  more  compleat  Work  than  has  hither¬ 
to  appeared*!  n  any  Language. 

X.  The  Builder’s  Dictionary  :  or.  Gentleman  and  Ar¬ 
chitect’s  Companion.  Explaining  not  only  the  Terms  of  Art  in 
all  the  feveral  Parts  of  Architecture,  but  alfo  containing  the  The¬ 
ory  and  Practice  of  the  various  Branches  thereof,  requifite  to  be 
known  by  Mafons,  Carpenters,  Joiners,  Bricklayers,  Plaifterers, 
Painters,  Glaziers,  Smiths,  Turners,  Carvers,  Statuaries,  Plum¬ 
bers,  &c.  Alfo  necejfTary  Problems  in  Arithmetic,  Geometry, 
Mechanics,  Perfpe&ive,  Plydraulics,  and  other  Mathematical 
Sciences.  Together  with  the  Quantities,  Proportions,  and  Prices 
of  all  Kinds  of  Materials  ufed  in  Building ;  with  Directions  for 
chufmg,  preparing,  and  'uhng  them  :  The  feveral  Proportions  of 
the  Five  Orders  of  Architecture,  and  all  their  Members,  accord¬ 
ing  to  Vitruvius,  Palladio,  Scamozzi,  Vignola, 
M.  Le  Clerc,  &c.  Being  a  Work  of  great  Ufe,  not  only  to 
Artificers,  but  likewife  to  Gentlemen,  and  others,  concerned  in 
Building,  C sV.  Faithfully  digefted  from  the  molt  approved  Wri¬ 
ters  on  thefe  Subjects,  With  Rules  for  the  Valuation  of  Houfes, 
and  the  Expence  calculated  for  ereCting  any  Fabric,  great  or 
fmall,  2  Vols.  8vo.  with  Cuts.  We  have  •perufed  thefe  two  Vo¬ 
lumes  of  the  Builders  Dictionary,  and  do  think  they  contain  a  great 
deal  of  ufeful  Knowledge  in  the  Building  Bufnefs.  Nicholas 
H  awksmoor,  Johh  James,  James  Gibbs. 

XL  The  Method  of  Fluxions  and  Infinite  Series,  with 
its  Application  to  the  Geometry  of  Curve-Lines.  By  Sir  Is  a  a  c 
Newton,  Kt.  Tran  Hated  with  Annotations,  Illuftrations  and 
a  Supplement.  By  John  Colson,  A.  M.  F.  R.S. 

XII.  The  Works  of  Virgil  :  Tranllated  into  Englifh  Blank 
Verfe.  With  large  Explanatory  Notes,  and  Critical  Obfer vari¬ 
ous.  By  Joseph  Trapp,  D.  D.  In  three  Volumes,  i  2mo. 

XIII.  M.  J.  Juftini  ex  Trogi  Pompeii  Hiftoriis  Externis.  Li- 
bri  XLIV.  Quam  diligentifiime  ex  variorum  exemplorum  colla- 
tione  recenfiti  &  caftigati.  To  which  is  added,  the  Words  of 
Justin  difpofed  in  a  grammatical  or  natural  Order,  in  one  Co¬ 
lumn,  fo  as  to  anfwer,  as  near  as  can  be.  Word  for  Word  to  the 
Englifh  Verfion,  as  literal  as  poifible  in  the  other.  Deisgned  for 
the  eafy  and  expeditious  learning  of  Justin,  by  thofe  of  the 
meaneft  Capacity,  with  Pleafure  to  the  Learner,  and  without  Fa¬ 
tigue  to  the  Teacher.  With  Chronological  Tables ’accommoda¬ 
ted  to  Justin’s  Hiftory.  And  alfo  an  Index  of  Words,  Phrafes, 
and  moll  remarkable  Things.  For  the  Ufe  of  Schools.  By  N. 

Bailey. 
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